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DATA HANDLING TODAY 
at Zurich 
and Geneva 


Decca Data Handling Systems providing the following facilities 
are in service in air traffic control centres: 


The two latest Decca display and data handling 
systems in Switzerland provide a means of 
co-ordinating radar data for air traffic control 
purposes from three separate radar equipments, 
of different manufacture, designed to fulfil differ- 
ent operational roles. The switching of the six 
display units between these radars—the means 
of transferring information between airways and 
approach control displays—and the electronic 
aids provided, permit controllers to obtain maxi- 
mum handling capacity from the equipment. In 
particular, auto-follow tracking and inter-console 
marking offer new possibilities for efficient 
control and substantially reduce the work load 
on controllers. 


DECCA RADAR 


Interconsole marking between approach and airways 
control displays. 


Manual tracking with rate aiding. 

Automatic tracking by auto-follow systems. 

Extended runway markers and geographical limits of airways 
displayed electronically. 

Automatic CRDF on the radar picture and facilities for video 
map presentation. 


Range and bearing measurement devices of advanced and 
rapid nature. 


DECCA RADAR LIMITED : London - England 
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EDO, world leader in the design and manufacture of long range 
navigation systems *, proudly announces the immediate availability 
of the new Edo Model 345 A/C Loran . . . complete Loran A and 
the vastly extended, far faster Loran C coverage in a single system. 


Advantages include: 


Light weight 


Low cost — complete A/C units is less than 
half the price of Loran C systems avail- 
able or in the talking stage. 


} Direct reading console — panel-mounted 


unit is simple to operate, permits Loran C 
fixes 3 times faster than with Loran A. 


Outstanding performance — accuracy of 
pinpoint fixes is limited only by the sharp- 
ness of the pencil. Maintenance-free, too. 


AND AVAILABLE IMMEDIATELY ! 


* Every major international airline in the world is now equipped with Edo Model 345A 
Loran... also in use by MATS and the military aircraft of many NATO nations. Edo 
Model 345A, quickly and inexpensively modified to Model 345 A/C, will give present 


users full Loran C plus Loran A coverage. 


Write today for new Edo Model 345 A/C 
brochure, Dept. X-6 





EDO CORPORATION 


College Point SG, L. !1., New York 


In Canada; 8DO (CANADA) LIMITED * Cornwall, Ontario 
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Continuous reception of met reports, 
communications from airport to air- 
port or ground to air make air travel 
safer. Employing the remotely-controlled 
TELEFUNKEN receiving equipments 
such communications indispensable for 
air traffic control are reliably handled. 
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JETSPEED CLASSROOM 
TRAINS SEVEN At A =. IN FLIGHT 


The Lockheed JetStar is an amazing advancement in 
pilot training. The interior of this fast, high-flying 
jet is a large classroom — A CLASSROOM IN 
FLIGHT — designed to save training time and 
money. 

Instead of training pilots one at a time, the JetStar 
accommodates seven students. Each student in full 
flying rig sees before him real radar images and 
accurate instrument readings. A whole class of stu- 
dents can be trained for hours, rather than one man 
for just a few minutes. 

The JetStar is a money-saver as it provides realistic 
jet altitudes and speeds at a fraction of the operating 
and maintenance cost of training in combat jets. 





LOCKHEED 


GEORGIA COMPANY 
Marietta, Georgia USA 
a Division of Lockheed Aircraft Corporation 





27 STRUVER HYDRANT DISPENSERS 


on the aircraft parking places 


at Copenhagen-Kastrup 


ensure the supply of aviation fuel from the underground piping network 


ly \ 


STRUVER HAMBURG 


TANKWAGENBAU 


NY 








These aviation fuel hydrant dis- 
pensers included 17 with a delivery 
rate of 3501.G./min, of which 6 each 
were supplied to Dansk SHELL 
and BP and 5 to Dansk ESSO. 
These vehicles are each equipped 
with two hoses of different lengths 
for overwing and _ underwing 
refueling. 

Five further hydrant dispensers 
with a delivery rate of 600 I.G./min 
are being used by Dansk ESSO 
and BP specially for the under- 
wing refueling of large jets. They 
are equipped with either two short 
or two long hoses. 


AD. STRUVER KG TANKWAGENBAU HAMBURG 
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Sales 
and Service 


Offices: 


HONEYWELL G.m.b.H., 


AUSTRIA 
Vienna 
Innsbruck 


HONEYWELL S.A., 
BELGIUM 

Brussels 

Antwerp 

Bruges 

Charleroi 

Ghent 

Liege 

Luxembourg 


HONEYWELL A/S, 
DENMARK 


Copenhagen 
Aarhus 


HONEYWELL S.A.R.L., 


FRANCE 
Paris 


HONEYWELL G.m.b.H., 


GERMANY 
Frankfurt 
Bad Godesberg 
Berlin 
Diisseldorf 
Hamburg 
Hanover 
Miinchen 
Stuttgart 


HONEYWELL 
CONTROLS LTD., 
UNITED KINGDOM 

London 

Belfast 

Birmingham 

Cardiff 

Dublin 

Glasgow 

Leeds 

Manchester 

Middlesbrough 

Sheffield 


HONEYWELL N.V., 
NETHERLANDS 

Amsterdam 

Hengelo 

Rotterdam 


HONEYWELL A.B., 
SWEDEN 


HONEYWELL A.G., 
SWITZERLAND 











One of many different 
Honeywell Modular Gyro 
Reference Systems 

is shown above. This all- 
attitude system is 
especially suited to high 
performance aircraft 

and provides pitch, roll 
and heading information 
for the automatic flight 
control systems radar, 
gun sight, attitude 
indicator, magnetic 
compass readout, bombing 
computer and doppler 
navigation. 


From Honeywell...A New Modular Concept 
for Gyro Reference Systems 


Honeywell offers you over 20 new Modular Gyro Reference 
Systems to meet virtually all aircraft, missile, space 
vehicle and special purpose land vehicle requirements. 


This versatile new family of Gyro Reference Systems is 
created from standard, off-the-shelf components; offers 
great flexibility, proven reliability—and, fast delivery. 
Gyros, accelerometers, repeaters and control panels 
combine to give you the widest selection of gyro refer- 
ence systems available anywhere. 
Here's what Honeywell's new Modular Gyro Refer- 
ence System Concept offers you: 
@ Minimum delivery time 
@ Lowest possible cost 
@ Elimination of structural problems encoun- 
tered when gyros are combined on a single 
platform 
@ Maximum flexibility and packagability 
e -— of maintenance (through modular make- 


@ Less volume required through easy utilization 
of irregular space 


Typical systems available provide: Standard Attitude, 
True Heading Attitude, All-Attitude and True Heading 


Honeywell 
Military Products 


Attitude, Multiple Output All-Attitude, and Low Drift 
Azimuth All-Attitude. Many others are also offered. 
These systems are applicable to a wide variety of vehi- 
cles ranging from commercial and military transport 
aircraft, to heavy tactical aircraft, high performance 
aircraft, missiles, space probes, and special purpose 
land vehicles. 

With this new Modular Gyro Reference System Con- 
cept, you can choose from the following features to 
meet your exact needs. 


Ready time —1/10 second from inert storage 
Accuracy —to0.1°/hr. drift 
Gyro weight —as low as 2.8 Ibs. each 


Erection —to computed local vertical 
without Schuler loop 


Freedom —360° continuous—all axes 


Acceleration—to 90 G sustained 


To obtain a copy of Honeywell's new book, “Gyro Reference 
Systems’ contact your nearest Honeywell representative, 
or write: Honeywell, Aeronautical Division, Minneapolis 40, 
Minnesota, U.S.A. 





JET CLEARANCE 
WITH ONE RADAR 





S.264A THE MOST ADVANCED AIR 
TRAFFIC CONTROL RADAR IN THE WORLD 


Marconi 50 cm. Radar is immune from 
weather effects without polarisers 
and has a fully coherent crystal 
controlled MTI system. 


30 MARCONI 50 CM. RADARS HAVE 
BEEN ORDERED OR INSTALLED 
IN THE U.K., EUROPE, ASIA, 
AFRICA AND AUSTRALASIA. 





MARCONI 


COMPLETE CIVIL, MILITARY AND NAVAL RADAR INSTALLATIONS 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
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6-10 seats Pp. 808 


TWIN-JET 


pressurized cabin 
speed 459 kts 
range 1,350 n.m. 





8 seats 
speed 194 kts 


range 1,080 n.m. P. 1 66 


TWIN-ENGINE 
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MARCONI 
sixty 


series 


.. anew 
generation 
of 
ele lelle) 
equipment 


DESIGN FOR RELIABILITY 





AD 160 VHF COMMUNICATION 
AD 260 VHF NAVIGATION 
AD 360 AUTOMATIC DIRECTION FINDING 





MARCONI = 
sixty series 


L 


SPECIFIED BY 
B.O.A.C. FOR VICKERS VC. 10 
B.E.A. FOR D.H. TRIDENT 


MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
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FRIENDSHIP OF NATIONS 
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Fvrsc KReBDet Harvarvgs. He 
Ais Re cray KR Vx eaters 3, 


Man skal knytte venskaber og tjene 
penge, men anvende begge med om- 
tanke. Venskaber er juveler, og det er 
en stgrre kunst at bevare disse end 
skaffe nye. 








Through the centuries wise fellows like Socrates and 
Homer and Shaw discussed the art of being careful 
about friendships and money. Of course you agree. 

If you buy anything, from a pin to an aircraft, you're 
smart to insist on something of proven value and proven 
quality. The people who build the Fokker F.27 Friend- 
ships have you in mind. Into the Friendship has been 
built economy, adaptability and money-earning capacity. 
The F.27 flies over deserts, pampas and water, in all 
climatic and geographical conditions, with complete 
dependability, comfort, and at the lowest possible seat 
mile cost. 

It's unique. Today the Friendship is the only aircraft of 
its type in regular service in the world to have proved 
itself over 350,000 flying hours. Passengers like its 
pressurized cabin comfort and high wing visibility; 
airline operators in 19 countries appreciate its fatigue- 
safe structure, its performance and reliability. 

As T.H. Davies, president of the American Piedmont 
Airlines says: ‘‘the F.27 is the most efficient and econo- 
mical short range transport aircraft available today”. 
In five continents the Friendship of nations builds 
business. 





Un homme doit se faire, dans l’ordre, 
des amitiés puis de l’argent et de les 
employer sagement. Les amitiés sont 
des joyaux et c’est un plus difficile art 
de les conserver que d’en faire d’autres. 








Aman should make friends and money, 
in that order, and use both wisely. 
Friendships are jewels and there is 
more art in saving than gaining. 
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HURRICANE DONNA 
ON A RAYTHEON RADAR 


Accurate and flexible enough to use as a scientific instrument, 
yet rugged and reliable for everyday use, 

SELENIA WEATHER RADAR 

is the choice of many European weather services. 

Write today for 

the New Selenia Weather Radar Catalogue. 


MANAGED BY ae 
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HELP AIRCRAFT 
AVOID STORMS, TURBULENCE 
AND HEADWINDS 


Selenia high-power, low-cost weather radar detects 

storm formations at great distances. 

The combination of the Pencil-Beam antenna, 

flexible scanning modes and calibrated iso-echo gain control 
quickly determines the altitude and extent 

of the zones of dangerous precipitation and turbulence. 
Up-to-the-minute en route weather information 

can thus be forwarded to. pilots in the area. 


Inexpensive weather balloons can be automatically tracked 
with Fire-Control accuracy 

to determine wind speed and direction at various altitudes. 
The most economical cruising altitude 

is readily determined for all routes. 











LEADERS IN MILITARY RADAR SINCE 1937 


The outstanding achievements made in radar development by the 
British Thomson-Houston Co Ltd and Metropolitan-Vickers Electrical 
Co Ltd represent a famous chapter in the history of radar progress... 
The specialised experience and resources of these two companies are 
today integrated within AEl’s Electronic Apparatus Division which is 
maintaining clear leadership in all the principal fields of military radar 
development. The Division has, in conjunction with the Ministry of 
Aviation, been responsible for the development of advanced tracking 
radars, volumetric radars and their associated data processing 
systems, for the air defence of the Western World. 


AEI have also developed and are supplying tracking and illuminating 
radars for Britain’s highly successful BLOODHOUND and THUNDERBIRD 
missile systems. 


(AEID Associated Electrical Industries Limited 
Electronic Apparatus Division 


MILITARY RADAR SALES 
BLACKBIRD ROAD .-LEICESTER-+- ENGLAND 
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OFFICE FRANCAIS D’EXPORTATION DE MATERIEL AERONAUTIQUE 


O.F. E.M.Ag 


sells the products 
of the French aircraft industry to foreign customers 
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precision 
“blucket” 
for 

flight 
propulsion 


<O<F><P Typical of the blades, 
buckets, vanes and other jet 
engine components produced by 
Utica Drop Forge & Tool Division 
of Kelsey-Hayes, is this “blucket” 
—a combination blade-bucket 
produced for the General Electric 
CJ-805-23 engine. 


A pioneer subcontractor in 
superalloy components for jet 
propulsion, Utica is in tune with 
the present. . . exploring the future. 
For further information, write 

Utica Drop Forge & Tool Division, 
Kelsey-Hayes Co., Utica 4, N. Y. 


KELSEY 
HAYES 
COMPANNT 


Automotive, Aviation and Agricultural Parts 
Hand Tools for Industry and Home 


OPERATIONAL PLANTS : Detroit, Jackson 
and Romulus, Michigan ; Los Angeles, 
California ; Philadelphia, Pennsylvania ; 
Springfield, Ohio; Rockford, Illinois ; 
Utica, New York; Davenport, Iowa ; 


Windsor and Woodstock, Ontario, Canada. 
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AN AID 
TO 
ACCURATE 
ALIGNMENT 


Cossor Secondary Surveillance Radar 
is a co-operative system which 
extends ATC capacity by giving 
flight information automatically. 
Aircraft participating carry a small 

transponder which responds to 

interrogations from the ground by o/s on 
automatically transmitting a coded v) + 
reply. Since the system does not rely 

on low energy echo pulses, 


















































































































































excellent ranges are obtained at 
moderate power levels, and the radar 
display is at all times entirely free | 


from ground clutter and rain echoes. 
Maximum reliable range of the 
system is 200 n.m. at 30,000 feet. 
The ground element of the Cossor 
system, SSR 4G, is designed 

in accordance with the 
recommendations of the International 
Civil Aviation Organisation and 
incorporates a two-pulse system of 
side lobe suppression. SSR 4G, can 
be converted to the American 
FAA-proposed three-pulse system, 
should this prove necessary. 


OEGONDARY RADAR SSR 46 


COSSOR 


RADAR AND ELECTRONICS LIMITED 



















































































GOSSDD THE PINNACLES, ELIZABETH WAY, HARLOW, ESSEX, ENGLAND. TEL: HARLOW 26862 
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Air transportation 


The Project Beacon Task Force report has 
has been accepted by President Kennedy 
and will be implemented in Federal Aviation 
Agency’s fiscal 1963 budget request. Major 
recommendation is that ground radar will 
be the primary tool for traffic control, and not 
the flight progress strip contemplated in the 
highly-automated “Data Processing Cen- 
tral” technique under development for ATC 
over the last three years. Extensive use of 
radar by ground controllers will be facilitated 
by development of a new, low-cost airborne 
radar transponder to provide automatic 
altitude and position data, and this may be 
mandatory for all aircraft over 12,500 Ib. 

The report recommends utilization of 
radar data gathered by the Air Force’s SAGE 
air defence system for the civil ATC system 
but not computers, displays, and other faci- 
lities. Integration of current air traffic and 
air defence facilities may be less expensive 
but some flexibility may be lost and Air 
Force abandonment of SAGE in favour of a 
new system could sharply increase ATC 
costs. The recommendations also downgrade 
the importance of the three-dimensional 
radar development under way at Atlantic 
City and the Air-Ground-Air Communica- 
tions System (AGACS). The 3-D system does 
not offer sufficient promise of providing alti- 
tude information from the ground and the 
latter is too large and costly for use by more 
than a few aircraft in the near future. 

The Beacon recommendations will cost an 
estimated $500 million in capital investments 
over the next five years, about double the 
current FAA five-year plan. No increase will 
be required in FAA’s annual $65 million 
R&D budget or the $250 million annual 
costs for maintenance and operation. 

e 


Eurocontrol will evaluate a joint Decca 
Navigator-CSF-Telefunken low-frequency 
hyperbolic area coverage (HARCO) system 
proposal early in 1962. A major flight test 
programme will use a modified Decca ground 
chain together with the Omnitrac airborne 
digital computer and the Decca Flight Log 
Mark 3. Deployment is aimed at an accuracy 
of not worse than 0.25 n.m. by day and 
1.5 n.m. at night. The system will be capable 
of serving all users from helicopters to jets, 
regardless of operating altitudes. 

* 


Major North Atlantic operators met in 
New York at the beginning of November to 
re-discuss possible introduction of group 
travel discounts in time for Christmas to 
combat charter operators’ activities on the 
route. A further mail vote was to be taken 
in November, but any agreement would be 
subject to IATA and governmental approval. 
One estimate gives charter operators 30 per- 
cent of North Atlantic passenger traffic in 
recent months. 

G 


Anglo-Italian air agreement revision gives 
Alitalia London fifth-freedom rights on one 
flight a day to any U.S. terminal point, and 





* “ Interavia Air Letter” is a daily international news 
digest for specialist circulation, published in English, 
French (“ Courrier Aérien”), and German (“ Luft- 
post”), All rights reserved. 


reports...° 


may be increased to nine flights a week by 
1964. Alitalia also gets traffic rights on three 
flights a week for the Hong Kong-Tokyo 
sector and twice a week Singapore-Sydney. 
Alitalia plans to step up service to South 
Africa and BOAC traffic rights at Rome have 
been “reconsidered.” 

® 


Britain has refused permission for Canadian 
Pacific Airlines’ advertised Vancouver-Lon- 
don service. The current British-Canadian 
bilateral agreement will be reviewed and 
probably revised early in 1962. Britain has 
rejected a Cunard Eagle application for 
London-Montreal service and says that 
CPAL operations on the route would upset 
the BOAC/TCA pooled traffic pattern. 

. 


Avianea and Air France will pool traffic on 
the Bogota-Paris route on three jet flights a 
week from January Ist. Avianca will put 
Boeing 720Bs on the route from that date, 
and is also reportedly planning introduction 
of jet service to Rome. 
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KLM Royal Dutch Airlines reported an 
Hfl 4.2 million ($1.2m) net loss for third 
quarter 1961 giving a total Hfl 41.4 million 
($11.5m) loss for first nine months 1961. Net 
profit for first nine months 1960 was Hfl 
10.6 million ($2.94m). Capacity ton-miles 
were up 21 percent to 373.1 million against 
a 12 percent increase in revenue ton-miles 
to 208.6 million. Nine months load factor 
was down from 60.7 to 55.9 percent. The 
carrier may be forced to ask the Dutch 
Government (main shareholder) for tempo- 
rary financial support in the near future. 

a 


Lufthansa development plans project a new 
service to Sydney for 1963. Routing would be 
from Frankfurt via India but no details are 
available. 


A second airport for Hamburg is projected 
at Kaltenkirchen in Schleswig-Holstein (12 
miles from Hamburg). Estimated cost is 
DM 500 million ($125m) and construction 
time would be 6-8 years. 

= 


Trans-Canada Air Lines is pushing its case 
for procurement of seven Douglas DC-8F 
Jet Traders and is strongly resisting the 
Canadair/government proposal that four or 
more Canadair CL-44s should be purchased. 
Canadair plans a new CL-44 tour of the USA 
and South America and would like to boost 
the drive with announcement of a TCA 
order. 

? 


United Air Lines will increase Caravelle 
service by almost 33 percent during Decem- 
ber. By the end of the year, UAL will be 
operating 24 east-north and 24 west-south 
flights giving Cleveland 13 Caravelle round- 
trips a day, Chicago 12 and New York- 
Idlewild 9. 

* 


All-Nippon Airways may purchase three 
more Vickers Viscounts to give a total fleet 
strength of nine. Final plans will depend on a 
decision to re-equip with short-haul jets for 
service in 1965. ANA may also order some 
25 YS.11 turboprop transports from Nihon 
Aircraft Manufacturing Co. . 


Sierra Leone Airways inaugurated once- 
weekly direct London-Freetown service Nov- 
ember 16th. The flights are operated by 
British United Airways with a Britannia 
317. 


Industry 


Construction of a medium-range SST was 
approved by the French Cabinet on Novem- 
ber 22nd. The French supersonic passenger 
transport will be designated Super Caravelle 
and will have a speed of Mach 2.0-2.2 for 
operation over stage lengths of 1,200 to 
2,800 miles. British Aircraft Corporation may 
cooperate in the development under the 
terms of the new technical and production 
collaboration agreement signed with Sud- 
Aviation in November. Sud-Aviation Pre- 
sident Georges Héreil forecasts operational 
avai ability by 1967/68. 

Total estimat2d cost of the development is 
NF 1,400 million ($280m) with expenditure 
for the first four years reported at NF 825 mil- 


The Breguet 1150 Atlantic ASW/naval reconnaissance aircraft was demonstrated to NATO and government 
representatives on November 3rd. The second prototype is in final assembly at Toulouse-Colomiers, and first flight 
is scheduled for early-1962. The first prototype flew on October 21st (see also page 1684 of this issue). 


4 
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lion ($206m) under a new French four-year 
economic plan to commence in 1962. First 
year funding of approximately NF 120 mil- 
lion ($24m) will have to be covered in sup- 
plementary credits for the 1962 civil aviation 
budget. First prototype could be completed 
by 1967. The French Government favours 
international cooperation in development 
and production of the medium-haul SST, 
leaving development of a Mach 3 long-haul 
transport to the United States. 

© 


The Federal Aviation Agency has asked the 
USAF to contract with industry for research 
services in advancing development of a 
Mach 3 commercial supersonic transport. 
The Aeronautical Systems Division, Air 
Force Systems Command (Wright-Patterson 
AFB) will issue bid proposals shortly and 
research data will cover propulsion, struc- 
tures, aerodynamics, sub-systems, and mate- 
rials. Congress has appropriated $11 million 
to FAA to get the SST programme under 
way, and most of this money will be con- 
tracted for industry research. 


Republic-Fokker cooperation on joint deve- 
lopment of a VTOL combat aircraft to meet 
the NATO MBR.3 specification has now 
been expanded to include five other Euro- 
pean companies, who will collaborate in joint 
production of the project eventually selected 
by NATO from the individual designs sub- 
mitted by the companies. Republic, Fokker, 
Hawker Siddeley, Breguet, Focke-Wulf, 
SABCA and Avions Fairey signed an agree- 
ment at Kingston-on-Thames (U.K.) on 
November 17th covering collaboration on 
joint production. 


Short Bros. & Harland has confirmed 
collaboration with Lockheed on a _ joint 
VTOL strike project for the NATO MBR.3 
specification. The project will be a version of 
the Lockheed’s F-104G with wingtip VTOL 
engines in pods. Short’s SC.1 knowledge plus 
Lockheed high-performance fighter experi- 
ence will make development of a new aircraft 
unnecessary and would extend the F-104G’s 
useful life considerably. 


y 


U.S. officials were in the U.K. in November 
to discuss the future of the Bristol] Siddeley 
BS.53 Pegasus engine. Development to date 
has been funded 75 percent by the U.S. and 
25 percent by Bristol Siddeley as a private 
venture, and no British Government money 
has gone into the project. MWDP funding 
ceases in June 1962 and the United States is 
pressing for British development funding and 
a government programme for a VTO air- 
craft to gain operational experience with the 
Fegasus. Six Hawker P.1127s on order would 
not be adequate to provide all the required 
knowledge and the U.S. is anxious to avoid 
any delays. A number of U.S. and European 
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Hiller Aircraft Corp unveiled its new “ Ten99 ” six- 
place light utility helicopter on November 16th. 
Powerplant is a Canadian Pratt & Whitney PT6 
turbine. The production model will have a payload 
in excess of 1,000 Ib. Hiller proposes the Ten99 as a 
Marine Corps assault support, Navy light fleet utility 
and civilian utility-passenger aircraft 


airframe projects are currently based on the 
BS.53 and BS.100 engines, the latter being 
a private venture project by Bristol Siddeley. 


British Aircraft Corporation’s negotiations 
with the Civil Aviation Administration of 
China (CAAC) are expected to cover an order 
for at least ten Viscount 810s, and perhaps 
as many as 15 or 20. The Chinese mission to 
the U.K. returned to Peking in November, 
and a Rolls-Royce team joined the BAC 
representatives who have been in China for 
the last 2-3 months. 


Finmeccanica has an agreement with British 
Aircraft Corp. to cooperate on development 
of an STOL transport to meet the NATO 
MBR.4 specification. Bristol Aircraft and 
Aerfer engineers have been finalizing design 
proposals based on a development of the 
Bristol 208 with S/VTOL capability. Power- 
plants may be Pegasus. Dornier has also had 
talks with BAC and may become the third 
member company. 

© 


Sperry Gyroscope Co. (U.K.) has received 
two West German Defence Ministry orders 
totalling £250,000 to supply instruments and 
spares for the West German Air Force. Last 
month Australia ordered Sperry twin-gyro 
platforms for the RAAF’s Mirage III alti- 
tude and heading reference system. 

© 


The French aviation industry’s 1961 export 
business reached the NF 1,400 million 
($280m) mark on October 10th, NF 250 
million ($50m) more than the total 1960 
figure. The June 30th total was NF 753.9 
million ($150.8m) and new contracts since 
that date are valued at NF 864 million 
($172.8m). Forty percent of current produc- 


The Aeroflot fleet now includes two new Mikhail L.Mil turbine helicopters developed from the Mi-1 and Mi-4. 
Left : the six-to-eight passenger V-2 with two medium-rated turbine engines installed above the fuselage. Right : 
the V-8 has seating capacity fur 20-28 passengers and has a more powerful single turbine engine (Soloviev TB-2M 
of 4,700 shp ?). 
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tion is for the export market and overall 
export business for 1961 is expected to total 
NF 1,800 million ($360m). 


First production Max Holste MH.260 Super 
Broussard is in final assembly at Nord- 
Aviation’s Bourges facility, and first flight 
is scheduled before the end of the year. Nord 
is building wings at Meaulte and Mureaux. 
Holste is building tail units and rear fuselage 
sections at Reims. Nord’s Bourges plant 
builds the rest of the fuselage and is res- 
ponsible for major and final assembly, 
checkout, flight testing, and delivery. 


First Lockheed F-104G assembled by Fokker 
made its first flight at Schiphol on November 
llth, two weeks ahead of schedule. The 
F-104G was airborne for about 25 minutes, 
with most of the flight at Mach 1.5. 


Douglas Aircraft handed over a series-50 
DC-8 to Trans-Caribbean Airways on Nov- 
ember 6th, bringing total deliveries of this 
model up to 13 and leaving a balance of 14 
outstanding on the current order book. 
Deliveries scheduled up to autumn-1962 
include: Aeronaves de México 1; JAL 1; 
Delta 3; PAL 2; National 6; and KLM 1. 
Earlier deliveries went to United (3), Iberia 
(3), KLM (5) and National (1). 


Boeing received a $35.8 million Air Force 
contract last month for production of the 
Minuteman ICBM and for operational and 
training equipment. Another $50 million 
award covered production of KC-135A and 
C-135A jet transports. 


Problem of a substitute engine for the 
Bristol Orpheus BOr.12 to power India’s 
HF.24 supersonic fighter is not yet solved 
and choice of the Russian Klimov VK-7 is 
not final, according to Defence Minister 
Krishna Menon. Evaluation tests of the VK-7 
are in hand but final selection will probably 
depend inter alia on acceptable terms for 
licence production in India. 


Military affairs 


The Air Ministry and Ministry of Aviation 
have been discussing the next stage of the 
British deterrent weapon. The two aircraft 
under consideration as a long-range Skybolt 
carrier are the Phase 6 Avro Vulcan and a 
military version of the Vickers VC.10. The 
Phase 6 Vulcan involves an entirely new 
wing, basically subsonic for long-range cruise 
but also capable of level flight at low super- 
sonic speeds. Powerplant probably a fan 
version of the Olympus. The military VC.10 
would probably have a late variant of the 
by-pass Conway. 


Britain, Germany and the United States are 
discussing a possible VTOL and/or variable- 
sweep wing STOL development of the 
Vickers-English Electric TSR.2_ tactical 
strike-reconnaissance aircraft now in pro- 
duction for the RAF. This could influence 
xerman thinking on requirements for a two- 
place supersonic combat aircraft for opera- 
tional service from 1968. The German 
Government now appears to be thinking in 
terms of combined intercept-strike capability 
in one airframe, but not for service before 


(Continued on p. 1617) 
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Atlas Copco's contribution to the jet-age — an 
Air Partner starting a jet airliner at London Airport 


ompressed air is power. Little more than one 

minute is needed for the Atlas Copco “Air 
Partner” to start the four-engine jet giants of today. 
Many of the world's principal airlines now use this 
mobile screw compressor unit - and at Idlewild, 
London, Orly, Dusseldorf, Hong Kong and other major 
airports the Air Partner is regarded as an essential 
part of the ground service facilities. 


Wherever you go you willfind Atlas Copco equipment 
at work; portable compressors for a new Middle East 
pipeline, sprayguns at Jaguar’s Coventry works, 
loaders in the German coalmines or rock drills for 
Ghana's new Tema Harbour project. The company’s 
air-tools are used to build Sud-Aviation’s Caravelle. 
Philips, Vauxhall and I.C.I. have chosen Atlas Copco 
compressors for applications where continuous air 
supplies are vital. 


With companies or agents in more than 100 countries, 
Atlas Copco is the world’s largest organisation 
specializing in this field. Wherever you are, the 
international Atlas Copco Group will advise you on 
the applications of compressed air and provide a 
complete after-sales service. 


Group Headquarters: Atlas Copco AB, Stockholm 1, 
Sweden. 


Atlas Copco puts compressed air 
to work for the world 


SALES AND SERVICE IN OVER 100 COUNTRIES 


THE TREND IS TOWARDS 
AIR PARTNERSHIP 








Fea * 


ee Vee. 



















































MORE POWER 
FOR FRANCE 


The Roselend Valley projectin 
the Savoy Alps involves build- 
ing two dams and a 476,000kW 
power station. Atlas Copco 
equipment has been used 
almost everywhere on this 
project — more than 100 rock 
drills and many thousands of 
Sandvik Coromant drill steels 
being employed to drive the 
main tunnels. 


THROUGH THE HEART 
OF MONT BLANC 


When the seven-mile Mont 
Blanc road tunnel is com- 
pleted, motorists will have an 
all-year-round Alpine route 
between France and Italy. 
More than half the tunnel is 
being driven from the Italian 
side with Atlas Copco rock 
drills and Sandvik Coromant 
drill steels. Power is supplied 
by Atlas Copco compressors. 


oe 


OIL PROSPECTING 
IN THE SAHARA 


Many of the companies pro- 
specting for oil in the Sahara 
employ seismic techniques. 
Atlas Copco supply special 
equipment for drilling sound- 
ing holes. A typical unitis this 
Atlas Copco truck-mounted 
compressor — air-cooled for 
desert work — driving a chain- 
fed rock drill with Sandvik 
Coromant drill steels, 
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IMPORTANT ANNOUNCEMENT 


TO ALL 


AVIATION ADMINISTRATIONS 





61/18E 


The automatic landing of aircraft is an accomp- 
lished fact, and the necessary airborne equipment is 
now being scheduled into five types of British 
aircraft. 


It is likely that the international specification 
covering I.L.S. (Instrument Landing System) will 
be upgraded in the near future. 


As designers and manufacturers of high accuracy 
Radio Altimeters for automatic landing, STC 
took both the above factors into consideration 
when designing the new STAN.7/8 I.L.S. now being 
installed at all major civil airports in the 
United Kingdom including four at London Airport, 
two at Gatwick, two at Prestwick and two at 
Manchester. 


STAN.7/8/9 is now in service at Zurich inter- 
national airport; two equipments will be installed 
at Brussels international airport later this year. 
Equipment has also been ordered for Schiphol air- 
port in Holland. 


The STAN.7/8/9 I.L.S. is built to the highest 
engineering standards to obtain the greatest poss- 
ible accuracy, stability and reliability. 


WHEN ORDERING NEW I.L.S. FOR AIRFIELDS UNDER YOUR 
CONTROL WE SUGGEST THESE IMPORTANT FACTS ARE BORNE 
IN MIND. 


RADIO DIVISION: OAKLEIGH ROAD - NEW SOUTHGATE 


Standard Telephones and Cables Limited 
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New Boeing 727 jetliner to be powered by 3 
Pratt & Whitney Aircraft turbofan engines 


The engine is the JT8D Designed and manufactured by Pratt 
& Whitney Aircraft, it uses two features from their proven 
family of engines. The JT8D inherits the basic technology of 
the JT3 and JT4 turbojets with more than 15 million hours of 
reliability. And from the turbofan engines powering the long- 
range Boeing and Douglas jetliners, the JT8D inherits the 











design for its forward fan. The JT8D will power the new 727 

fleets ordered by Lufthansa, American Airlines, Eastern Air 

Lines and United Air Lines. Turning out 14,000 pounds of 

take-off thrust, with exceptionally low fuel consumption, the 

JT8D will help make it possible to operate from runways that 
used to be too short for modern jet travel. 








UNITED AIRCRAFT INTERNATIONAL 


SOLE FOREIGN REPRESENTATIVE FOR: Pratt & Whitney Aircraft, Hamilton 
Standard, Sikorsky Aircraft, Norden, Canadian Pratt & Whitney Aircraft Co., Ltd. 


Cologne Office: Hohenzollernring 21-23 
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WHEN YOU'RE IN AVIATION, GOODYEAR MAKES WHAT YOU NEED 


GOOD/YEAR 





IMPACT! 155 Tons ar 150 


a 


/ WANTED: A tire to accelerate from 
' zero to 200 m.p.h. in seconds — 155 
tons of airplane entrusted to its tires 
until airborne. Tire must also cushion 
the landing impact on to a rock-hard 
runway and bring the tremendous 


| “Wiese. Weight toa smooth, safe halt. 


The tire that got the job was no beginner. It was developed 
by Goodyear for U.S. jet fighters. Its new, fabric-reinforced 
tread withstands the stresses of high-speed take-offs and land- 
ings. Now giant jets the world over depend on Goodyear aircraft 
tires to take the great mechanical strains of modern flying. 
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WANTED: Wheels and brakes to carry 
and stop the equivalent load of sev- 
eral trailer trucks moving faster than 
any sports car. No margin for errors 
—efficiency at all times an absolute 
must. 





Goodyear, with 20 years aviation experience, got the job with 
Tri-Metallic Brakes and Forged Aluminum Wheels, designed 
for high-speed, heavy-load jets. Today, as yesterday, more 
commercial airliners rely on Goodyear wheels and brakes than 
all other makes combined. 


GOOD; 











2 
i 
‘ 


WANTED: A brake control device that 
thinks and acts with the speed of 
lightning. Device must sense skid 
tendencies—and at speeds up to 275 
m.p.h. It must react instantly to pre- 
' vent wheel lock-up. With anti-skid, 
the brake can take advantage of the 
Be Pe i 4 full tire coefficient and produce the 
shortest possible stopping distance. 
Anti-skid systems by Goodyear fill the bill perfectly. The com- 
pletely automatic system senses an impending skid and regu- 
lates the braking pressure to safe limits. Both on-, off- and 
modulated systems are available. 


EAR 
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THE MOST 
ACCURATE 
FLEXIBLE «x0 





COMPREHENSIVE 


NAVIGATION 
SYSTEM FOR 

HE JET AGE 
THE DECCA 
NAVIGATOR 
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The only system capable of meeting all 
the navigational requirements of the jet 
age, the Decca Navigator provides high 
accuracy coverage over a wide area, 
regardless of altitude, terrain or climatic 
conditions. Withthe pictorial presentation 
of the Flight Log pilots can see all their 
required navigational information at a 
glance. All aircraft can maintain any pre- 
selected tracks with ease and accuracy 
and jets can be assigned climb and 
descent paths that permit them to operate 
safely and economically. 

Over 7,000 ships and aircraft already rely 
on Decca—using the same system which 
operates from the ground upwards. 


The Decca Navigator Company Ltd London 





NN 


i 


























\ 


AANAAANY 














NIN 
NNN 





WN ‘ INNIN ANY 





NANI 
WN WW RAN 
AARAAR AANY 


\ 


\ \ 


say 












































\A\ 
\\\ 
CAAA 
WY 











PERFORMANCE 


PAYLOAD 
FITS 









YY 





RO 











with Bristol Aerojet Pressure Vessels 


As every aircraft operator and constructor knows, less weight 
means better performance, bigger payload, bigger profits. 
Bristol Aerojet pressure vessels save at least 5 lb per 500 cu in 
and as much as 50%—when compared to forged vessels. On 
one vessel of 1,000-cu-in capacity, this means an annual return 
of £385 on a civil airliner with average utilisation. 

Bristol Aerojet pressure vessels have been specially designed 
to operate with great reliability at high stress levels. Made of 
chrome molybdenum steel, heat treated to a minimum ultimate 
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tensile strength of 80 tons per sq in, these vessels have been 
approved for service under ARB conditions. 

Bristol Aerojet pressure vessels range from 10 to 2,000-cu-in 
capacity and are produced in a number of shapes to conform to 
special applications. They have been ordered by the leading UK 
airframe and weapon constructors, and also the main auxiliary 
equipment manufacturers, for they pack more energy into less 
space for less weight than any other type of gas storage vessel. 


For further information, please write to: 





— 


BRISTOL AEROJET 


a 


—- ——— 


ig ia P. W. LAWSON, CIVIL SALES MANAGER, 
~~" BRISTOL AEROVJET LIMITED, 

Pe, BANWELL, WESTON-SUPER-MARE, ENGLAND. 

we TELEPHONE: BANWELL 250. 
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1968, in order to make maximum use of 
European F-104Gs. Germany has indicated 
disinterest in the NATO MBR.3 specifica- 
tion. 


The Pentagon schedules three more weapons 
system developments for the tri- or bi-ser- 
vice approach. These are: drone surveillance 
systems; general utility aircraft; and the 
medium-range ballistic missile (MRBM). 
Impetus for joint planning on utility aircraft 
has largely come from Congress with special 
reference to the USAF’s Lockheed C-140 
JetStar programme and Navy consideration 
of the Grumman Gulfstream and Fairchild 
F-27. 


The USAF is expected to order further 
North American T-39 Sabreliner trainers in 
addition to the 94 aircraft currently in pro- 
duction or delivery. North American had 
delivered 24 T-39s to the USAF as at Nov- 
ember 6th, and production at the rate of five 
aircraft a month will continue through to 
January 1963. 


Canada and Britain are considering an 
exchange deal with Comets (6) for the RCAF 
against Caribous to meet British Army 
assault transport requirements. 


Tne U.S. 17th Air Force’s 49th Tactical 
Fighter Wing at Spangdahlem (Germany) is 
the second USAFE unit to receive the 
Mach 2 all-weather Republic F-105Ds to 
replace F-100s. The 36th Tactical Fighter 
Wing at Bitburg has been re-equipping since 
May this year. The F-105s are flown from 
Atlanta via Bermuda, the Azores, and France 
with en route in-flight refuelling. 


The Finnish Air Force has given Saab 
Aircraft Co. an order for five more Saab 91D 
Safir trainers. Earlier contracts covered 30 
Sajirs. 


The Danish Defence Ministry has given 
Sud-Aviation an order for five Alouette III 
helicopters. 


Aircraft and Powerplant 


B.F. Goodrich Aerospace and Defence Pro- 
ducts has developed the Atmos solid-pro- 
pellant rocket motor designed as a booster 
and upper-stage propulsion unit for atmo- 
spheric reconnaissance. Diameter 4.5 in. 
Length 6 ft. Thrust rating 1,500 Ib at 80° F 
for over eight seconds. Payload capability 
8-12 lb to 300,000 ft. 


Aeronautica Macchi’s projected MB.330 
executive and touring aircraft will reportedly 
be a twin-jet, 50 percent based on the 
MB.326 jet trainer (wings, tail unit, and 
landing gear). The MB.330 will be a six-place 
model, probably powered by two 1,650 Ib 
thrust Turboméca turbofan engines. Estim- 
ated cruise speed 470 mph over 1,550 st. 
miles stage lengths. Price $220,000-250,000 
with a minimum production run of fifty 
aircraft. 


New Caravelle 10A data published by Sud- 
Aviation are: operational weight empty 
67,240 lb (30.5 tonnes); maximum cruise 
speed 470 kts (870 km/h) at 25,000 ft; maxi- 
mum payload 19,840 lb (9 tonnes) over 
1,740 mile stage lengths with 8,820 lb. fuel 
reserves; required runway length at 109,350 
lb max permitted landing weight is 5,200 ft 
at standard atmosphere. 


Garrett AiResearch Manufacturing Division 
has started flight testing a Lark helicopter 
(Republic licence production version of the 
French Alouette) fitted with a Model 331 gas 
turbine which has completed 50 hours un- 
official pre-flight testing. 


SIPA (Suresnes) will market the new four- 
seat 8.251 Antilope touring aircraft in early- 
1962. Built in conjunction with the Italian 
Procaer Company, the Antilope is an all- 
metal low-wing aircraft powered by a 
560 h.p. Turboméca Astazou turboprop 
engine with a Ratier-Figeac propeller. Span 
33 ft. Wing area 146.38 sq. ft. Takeoff weight 
3,196 lb. Cruise speed 305 mph at 16,500 ft. 
Range 1,000 miles. 


SNECMA’s Gennevilliers plant will start 
manufacturing large-diameter rocket motor 
casings in 1962. Some equipment is already 
under test and other machinery is now being 
installed. 


Sud-Aviation has flight tested two cable- 
controlled Alouetle JJ helicopters and is now 
testing radio-controlled Alouettes. The 
French Navy is reportedly interested in the 
project. 


The Sikorsky S-61L twin-turbine helicopter 
has completed FAA certification and is now 
available for passenger operations at a 
maximum speed of 150 mph and gross 
weight 19,000 lb. Capacity is for a maximum 
31 persons (3 crew and 28 passengers). 
Powerplant is two General Electric CT58-110 
turbines rated at 1,250 shp each. 


Satellite Launchings. The United States 
launched the following satellites in Nov- 
vember, after pages 1662-6 had gone to 
press: 


Transit 4B and TRAAC (Transit Research 
and Attitude Control). Cape Canaveral, Nov- 
ember 15th, 1961. Booster rocket Thor-Able- 
Star. Weight of both satellites 400 Ib. Perigee 
605 miles, apogee 669 miles. Orbital period 
106 minutes, both satellites on same orbital 
path. 


Discoverer 35. Vandenberg AFB, November 
15th, 1961. Booster Thor-Agena B. Instru- 
ment capsule weight 300 lb. Polar orbit, 
orbital period about 90 minutes. Capsule 
ejected after 18 orbits and recovered in mid- 
air by a Lockheed C-130 some 650 n.m. west 
of Hawaii. 


Ranger 2. Cape Canaveral, November 18th, 
1961. Booster Atlas-Agena B. Due to 
second-stage malfunction, the vehicle only 
went into futile close-earth orbit with a 
perigee of about 93 miles and an apogee of 
approximately 143 miles. 





INTERNATIONAL 
MEETINGS AND CONFERENCES 


Dee. 5th-7th: National Air Transport 
Association : Meeting. Washington, D.C. 


Dee. 5th-7th: National Aviation Trades 
Association : Annual Convention. Statler 
Hilton Hotel, Washington, D.C. 


December 6th: British Institution of Radio 
Engineers : New electronic techniques in 
non-destructive testing. Wolverhampton 
and Staffordshire College of Technology, 
Wolverhampton. 


Dee. 6th-8th : Metallurgical Society of AIME: 
19th Annual Meeting — Vacuum Induc- 
tion Furnaces. Penn-Sheraton Hotel, Pitts- 
burgh, Pa. 


Dee. 6th-Sth : National Air Taxi Conference : 
Annual meeting. Biltmore Hotel, Okla- 
homa City, Okla. 


December 12th: Deutschen Atomforum eV 
and Haus der Technik eV: Lecture on 
handling of Radio-active materials. Essen. 


Dec. 12th-14th: Institute of Radio Engi- 
neers: Eastern Joint Computer Confer- 
ence (EJCC). Sheraton-Park Hotel, 
Washington, D.C. 


December 18th : German Radio Navigation 
Committee: 10th Jubilee Convention. 
Karl-Arnold-Haus, Diisseldorf. 


December 18th : Institute of the Aerospace 
Sciences: Wright Memorial Lecture and 
Dinner. Washington, D.C. 


Dee. 26th-31st: American Association for 
Advancement of Science : Annual Meeting. 
Denver, Colo. 


Dee. 27th-30th : American Statistical Asso- 
ciation : Annual Meeting. Roosevelt Hotel, 
New York. 


Dec. 28th-Jan. 7th: Aero Club of South 
Africa : National Gliding Championships. 
Kimberley Aerodrome. 


1962 


January 6th: Institution of Production 
Engineers : Recent Developments in Auto- 
matic and Semi-Automatic Welding. Wol- 
verhampton and Staffs College of Techno- 
logy, Wolverhampton. 


Jan. 9th-11th : Institute of Radio Engineers: 
8th National Symposium on Reliability 
and Quality Control. Washington. 


Jan. 9th-Feb. 9th : ICAO : Communications 
Division 7th Session. Montreal. 


January 10th: Society of Environmental 
Engineers : The generation and control of 
humidity. Statler Hilton Hotel, Washing- 
ton, D.C. 


January 12th: Deutsche Gesellschaft fiir 
chemisches Apparatewesen: Conference 
on Rocket Propellants. Dechema-Institut, 
Frankfurt am Main. 


Jan. 15th-19th : Physical Society : Exhibi- 
tion of Scientific Instruments and Appa- 
ratus. Royal Agricultural Halls, London. 


January 18th: VDI and WGL: Airframe 
Development. Grosser Hérsaal des Physi- 
kalischen Vereins, Frankfurt am Main. 


Jan. 2ist-24th: Helicopter Association of 
America : Meeting. Marriott Motor Hotel, 
Dallas, Tex. 


Jan. 24th-26th : American Rocket Society : 
Solid Propellant Conference. Baylor Uni- 
versity, Waco, Tex. 
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US Secret Service Counters Soviet Missile Threat 


At the 22nd Party Congress, Soviet 
statesmen and service chiefs proclaimed 
with one voice that Soviet long-range 
missile potential was not merely equal 
but superior to that of the West. In this, 
they were doing no more than repeat an 
argument which American politicians 
themselves had been using for years to 
stir the American public into a state of 
awareness and make them receptive to 
the increased armament effort. 

Whoever in the USA coined the term 
‘missile gap,” the epithet has been on 
everyone’s tongue since 1958 to describe 
the deficiency in American, as compared 
with Soviet, preparedness in the field of 
missiles forecast for the early sixties. 

In other words, this slogan was to be 
used to drive home to the Americans 
that the USSR, having caught up with 
the USA in mid-1953 as regards pos- 
session of the hydrogen bomb, might 
within a short time have the upper hand 
as regards the “means of transport” for 
nuclear warheads. 

Soviet Russia kept silent. At that 
time, three or four years ago, she did not 
contribute a single word to the dis- 
cussion in progress in the United States; 
this remained, so to speak, a monologue. 
The situation has meanwhile radically 
altered. Whilst the now loquacious 
Soviets boast about their superiority, 
the American press cites alleged revela- 
tions of the American intelligence service 
to show that Soviet assertions are incon- 
clusive, and that America’s “carrier 
resources” for the intercontinental de- 
ployment of nuclear weapons are, in 
fact, far superior to those at the disposal 
of the Russians, 

For a better understanding of these 
revelations, one must first of all agree 
on the meaning of “superiority.” Pro- 
vided the operational long-range missile 
stocks of both parties are, qualitatively 
speaking, balanced, it is not of great 
importance from the deterrent point of 
view whether the potential aggressor has, 
say, 500 ICBMs against only 450 on the 
other side. 

The situation becomes critical only 
when one party can convincingly show 
that its stocks of long-range rockets and 
other atomic weapon carriers would give 
him the capability of destroying the 
enemy’s retaliation potential at one 
blow, whilst still leaving himself enough 
rockets for further operations against 
enemy forces. 

It seems, then, that during the past 
year a situation of this kind has devel- 
oped in favour of the USA, if reliance 
xan be placed on American intelligence 
sources. The restlessness of Soviet Rus- 
sia’s political and military moves in 
recent months may lend credence to 
American intelligence reports. Might it 
perhaps be that the Kremlin’s great 
volubility represents an effort, dictated 
by considerations of domestic or foreign 
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policy, to highlight the-fact that the 
USA has been arming too rapidly? 
* 


It is not our intention to indulge in 
guesswork about the reasons for the 
disclosures on both sides or to attempt 
to assess the strength of the American 
and Soviet deterrent forces. On the other 
hand, it is the duty of the chronicler to 
take note of the American reports and, 
as far as this is possible, to test their 
probability. 


ICBMs, IRBMs, and Long-range Bom- 
bers on Both Sides 


In March, 1959, the Americans still 
assumed that the USSR would have 100 
ICBMs by the end of 1959 and some 500 
by the end of 1961. At the moment, the 
number of operational Soviet ICBMs is 
still estimated at only 35-50 (another 
source puts it at 50-75), and the number 
of submarine-borne missiles at some 50. 
The Soviets are also said to dispose of 
150 long-range and 200 medium-range 
bombers which, with in-flight refuelling, 
would be capable of penetrating Ameri- 
can territory. 

The same sources estimate that, to 
meet these Soviet nuclear weapon car- 
riers, the Americans have the following 
forces available: 48 operational Atlas 
ICBMs (126 by the end of 1962); nine 
Titans (about 100 for later production); 
90 Thors and Jupiters on British and 
Italian territory (a further 30 Jupiters 
shortly in Turkey); 96 Polaris IRBMs, 
carried by a total of six nuclear sub- 
marines cruising the seven seas; and 
about 500 other guided missiles for 
launching from ships, aircraft, and bases 
in forward areas, which could attack the 
Soviet block at its periphery. 

There are also said to be some 600 
long-range and about 1,000 medium- 
range bombers of Strategic Air Com- 
mand, as well as a further 3,000 or so 
fighter bombers and earrier-borne strike 
aircraft belonging to the Air Force and 
Marines. The latter are for the most part 
suitable for the transport of H-bombs, 
and would be in a position to penetrate 
Soviet territory from forward bases. 

Although the USSR also possesses a 
large fleet of such aircraft, they would 
not be in a position to reach the Ameri- 
can continent owing to lack of suitable 
jump-off bases. 

In addition, an inventory of Western 
Forces should properly include the 
British V-bombers, every one of which 
can also be equipped with H-bombs. 


Reasons for Re-assessing Soviet Poten- 
tial 
Why did the Soviets not manage to 
develop ICBMs with nuclear warheads 
more quickly and put them into ser- 
vice? The answer given by American 
sources is as follows: 
— Soviet development of compact nu- 


clear warheads limped considerably be- 
hind the American. The Soviet ICBM, 
whose first stage is reported, like the 
satellite and space probe carrier vehicles, 
to give 800,000 Ib of thrust, was created 
before the Russians succeeded in ex- 
ploding their first hydrogen bomb (Au- 
gust, 1953). The original idea was pro- 
bably to equip this long-range rocket 
with a large atomic warhead. Although 
a smaller hydrogen warhead was later 
designed, the development of the rocket 
was not pushed ahead with. As a result, 
the Soviets are only just carrying out 
tests on a smaller ICBM with shorter 
reaction time, tests which the USA had 
already undertaken years before. 
— The Soviets reportedly as yet possess 
no solid fuel rocket of the existing 
American Polaris type or of the Minute- 
man type, which is in advanced stage of 
development. 
— The Soviets are reportedly having 
great difficulty in preparing a sufficient 
number of launch and auxiliary installa- 
tions for the first generation ICBMs, 
(information said to have been obtained 
by American Lockheed U-2 long-range 
photo-reconnaissance aircraft). 

ik 


It should be emphasized that all this 
information is based on the private 
suppositions, estimates, and opinion of 
ebservers which, whilst they may to 
some extent be close to those of the 
American defence authorities, are in no 
way to be identified with them. It goes 
without saying that neither the White 
House nor the Pentagon, not to mention 
the intelligence service, is prepared to be 
in any way committal on these matters. 
Save for the laconic reference to the 
observations carried out by the Lock- 
heed U-2 long-range reconnaissance air- 
craft, the basis on which the information 
concerning Soviet military forces rests 
remains mysterious. In any event, when 
looking at sensational disclosures con- 
cerning the strength of potential ene- 
mies, from whichever side they come, it 
is well to remember that, shortly before 
World War II, General Gort, Chief of 
the Imperial General Staff, reported to 
the British Government that the British 
and French forces were far superior to 
the German. 
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NORMALAIR 35-litre liquid oxygen converter 
Weight (fully charged) 11374 Ib. 
Max. diameter 18 in. 
Height 19 in, 


eo 
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NORMALAIR JIQUID OX¥GEN.£QUIPMENT 


The NORMAPAIR 35-litre liquid exygen converter, featuring the 


exclusiyéNORMAL AIR crewreserve system, isthe choice for the Vickers 


ANC.10, the world’s first*¢ivil airliner to have a liquid oxygen system. 


One of a range of NORMALAIR converters, with liquid capacities 
from 1o litres upwards, it is the only wholly British designed and 


manufactured unit of its size available 


The crew reserve system automatically ensures an adequate crew 
supply at all times, irrespective of passenger demand, and enables both 
passenger and crew supplies to be drawn from one converter, with 
consequent savings on weight, space, maintenance costs and spares 


provisioning. 


> 


Other features of the converter are an extremely stable delivery 
pressure during flight, and greatly reduced evaporation losses due to 


heat transfer, 


Europe’s largest and most experienced producers of aircraft cabin air conditioning systems and components 


NORMALAIR (CANADA) LTD., TORONTO 


NORMALAIR (AUSTRALIA) PTY. LTD... ESSENDON, VICTORIA 
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The Boeing 727: a versatile, short-haul profit-maker 


The trim new Boeing 727, now entering production, is a 
versatile airliner designed to operate profitably over route 
segments ranging from 150 to 1700 miles. 


The 727’s low operating cost will enable it to produce a 
profit at short ranges, even with modest load factors. Yet 
its generous cabin space (70 first-class or 113 tourist pas- 
sengers) results in seat-mile economy on _ high-density 
routes, comparable to that of the largest jetliners. 


The 727 will be a rugged jet capable of handling frequent 
landings and takeoffs. A 7000-gallon fuel capacity, plus 
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high allowable landing weights, will enable the 727 to make 
frequent stops over a long distance without refueling. This 
and other features, such as an integral passenger stairway, 
will minimize service time during stops. 


The 727’s quick takeoff, fast climb and near-600 mph 
speed will result in block speeds never before attainable 
in short-haul operations. 

Already, 117 Boeing 727s have been ordered by American 
Airlines, Eastern Air Lines, Lufthansa German Airlines and 


United Air Lines for delivery beginning late in 1963. 
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fuelling costs 
with the 

new A.W.E. 
fuel coupling 
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A new comprehensive range of aircraft mounted coupling units for aviation 
fuelling is now available ex stocks at A.W.E. 

Combination of single seal and valve seat in the design reduces maintenance, 
spares holding, offers interchangeability of parts and provides a high degree 
of initial and operating economy. 

The range comprises eight couplings with four types of outlets to each. 
Two sizes are available, either 14 or 24 inch outlets, all other parts being common 
to these. Special outlet connectors can be provided by arrangement. 

Designed to Ministry of Aviation standards the couplings conform to 
International Standards Organisation and U.S. Military Standards requirements. 
The bayonet flange accommodates any of the approved kerosene or gasolene 
hose units. 

A development of this design for handling H.T.P. is also available, complete 
with A.W.E. designed hose coupling. 


ARMSTRONG WHITWORTH EQUIPMENT 
Hucclecote, Gloucester. Telephone: Gloucester 66781 

WHITWORTH GLOSTER AIRCRAFT LTD., 

MEMBER OF HAWKER SIDDELEY AVIATION. 
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MONTREAL 
MUNCHEN ~ 
NEW YORK 
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AIR COMPRESSORS 











In air or space... rely on Kidde for 
product design, world-wide service! 


CYLINDERS AND SPHERES 





Today, nearly everything that flies uses Kidde equipment. 
Reason? For more than thirty-five years, Kidde has 
designed and supplied the aircraft industry with the finest 
in dependable aviation products. Pioneers in pneumatics, 
Kidde today offers a complete range of systems and com- 
ponents, including compressors, pressure vessels, and 
solenoid valves. In addition, Kidde has made significant 


contributions to the ever-growing field of missiles and space 
vehicles, with the design and construction of auxiliary 
power sources, reaction control systems, cryogenic equip- 
ment and electronic devices. In aviation system design or 
components, invite Kidde to work with you. For more 
information, write Kidde today, stating your problem. 


=o— Kidde International Division 


The Walter Kidde Company Limited 


Northolt, Middlesex, England 


Walter Kidde S.A. Industria e Comercio 


Sao Paulo, Brazil 


Walter Kidde & Company, Inc. Walter Kidde, G.m.b.H. Walter Kidde de Mexico, S.A. 
Belleville, New Jersey U.S.A. 


Bleckede/Elbe, Germany 


The Walter Kidde Company 
(Australia) Pty. Limited 
Port Melbourne, Australia 


Mexico City, Mexico 


Walter Kidde & Company of Canada Ltd. 
Montreal, Canada 


Agents in principal cities around the world 











FIRE DETECTING 
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FIRE EXTINGUISHING PNEUMATIC EQUIPMENT 











MAJOR 7 
PROBLEMS 

SOLVED BY mmo ea 

FOR THE AVIATION INDUSTRY 


PROBLEM 1 


e To. provide non-destructive 
testing of adhesive bonded 
structures. 





Effective in the case of profiles 
on panels such as sandwich 
structures. 

To be equally effective for use 


on bonded composite materials 
or brazed sandwich structures. 


Special accessories for rapid 
go—no go testing of a bond. 


Easy testing during manufac- 
ture and on aircraft in service. 


The answer is the 
FOKKER BOND TESTER 

















PROBLEM 2 
e Hot or cold joggling of any 

canee THE FOKKER BOND TESTER AND 
¢ Easily interchangeable jaws for JOGGLING MACHINE ARE IN USE 
each profile. IN MANY AIRCRAFT FACTORIES 
e Reduced tooling costs and THROUGHOUT THE WORLD. 
increased time saving. 






Section flanges remain parallel. 


The answer is the 
FOKKER HOT AND COLD 
JOGGLING MACHINE 
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Riddle Airlines Inc. are flying Argosies up to 13 hours daily on the U.S.A.F. Logair routes. Logair is one of the world's largest 
scheduled cargo operations — an aerial pipeline for the quick supply of urgent military equipment. From coast to coast these 
new Armstrong Whitworth aircraft speed outsize military loads in their capacious 47 ft. long holds, over a network of routes covering 
the U.S.A. Daily schedules bridge more than 12,000 miles. 

Soon, B.E.A. will be doing the same on their all-freight routes. Argosies will open up new high-speed supply lines for outsize 
cargoes between the U.K. and Europe. 

An Argosy fleet means high speed delivery, reduced warehousing, less packaging, less handling time, less shipping cost and 
— above all — unusually large freight dimensions. * 


HAWKER SIDDELEY AVIATION 


32, Duke Street, St. James’s, London, S.W.1 
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Charles E. Beard, President, Braniff Interna- 
tional Airways has this to say of the decision to 
order the One-Eleven. ‘After devoting more than a 
year to comparative analyses, it is our conclusion 
that the BAC One-Eleven is the short-range jet best 
adapted to the routes on which we plan to operate 
them. The economy of the BAC One-Eleven, com- 
bined with its operating characteristics, make it 
unusually suitable for an operator with our kind of 
route, over which most of the flying is on segments 
of 250 miles or less. We already have the large jets 
for the longer hauls. The BAC One-Eleven will 
bring economical and comfortable jet travel to 
customers who make shorter flights.” 


CERTIFICATED ROUTES quem 
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TWO ROLLS-ROYCE SPEY TURBOFAN ENGINES 


THE SHORT HAUL JET 


WITH EVEN BETTER THAN VISCOUNT ECONOMICS 


BRITISH AIRCRAFT CORPORATION 


ONE HUNDRED PALL MALL LONDON SW1 ENGLAND 


TGA BAS 20 
























the only 


PC 


which can use 





the same runways 








as its propeller-driven 


forbears 











Landing distance 4,820 feet 
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Sud Aviation 


wees 37. BOULEVARD DE-MONTMORENCY. PARIS 16” TEL: BAG. 84-00 
the property of SUD-AVIATION SUD-AVIATION CORP. 500 FIFTH - NEW-YORK 36 N.Y. U.S.A. 











tO oncaeid edge 





SVR GwR as aec 




















From the time that the new YS-11 was first placed on the drawing board, it was decided Highest profitability over stage lengths of 
that emphasis would be placed upon several important features which were missing in 300 to 600 n.m. 

similar type airliners. Best economy for short haul operations, with greater payloads and Accommodation for 60 passengers. 
shorter take-off requirements, are combined with the highest standards of safety and R : ts of | han 4.000 f 
performance under all climatic conditions. Added to these, the excellence of the new unway requirements of less than 4,000 ft. 
Rolls-Royce Dart R. Da-10/1 turboprop engines insures top performance. The new YS-11 Pressurized and Air-conditioned cabin. 

is now ready to prove all of these points in operation. The prototype is scheduled to Fail-safe and fatigue-free construction. 

fly early next year and production models will be placed on domestic service lines in 
Japan during the summer of 1963. 

Write for further information to: Superior performance in tropical conditions. 


Quick turn-around and easy maintenance. 





NIHON AEROPLANE MANUFACTURING CO., LTD. 


Daido Bidg., Minami-sakumacho, Minato-ku, Tokyo, Japan 
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AN UNPRECEDENTED 
EXAMPLE OF INTERNATIONAL AT 8 AN 3 [ey 
INDUSTRIAL COOPERATION : 
the NATO sea _ reconnais- 


sance and_e anti-submarine 
aircraft 
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S.A. DES ATELIERS D'AVIATION LOUIS BREGUET - SOCIETE NATIONALE DE CONSTRUCTIONS AERONAUTIQUES 
SUD-AVIATION - N.V. KONINKLIJKE NEDERLANDSE VLIEGTUIGENFABRIEK FOKKER - DORNIER WERKE G.M.BH. - 
SOCIETE D’'EXPLOITATION DES MATERIELS HISPANO-SUIZA - ROLLS-ROYCE LIMITED - COMPAGNIE 
GENERALE DE TELEGRAPHIE SANS FIL - ASSOCIATION BELGE POUR L’AVION PATROUILLEUR. 
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Precise navigation to a given destination 
has been, and continues to be, a major 
problem for both military and commer- 
cial aircraft. 


In the early days of flying, pilots flew low 
to follow roads and railroads. Later, with 
radio, they were guided by voice contacts. 
Then the radio beam was developed. 


But, in all these, there has been dependence 
on external help. 


Today, with a new Hughes electronic nav- 
igation system, a pilot can literally fly 
“blind” to any spot he chooses. He can fly 
at supersonic speeds, even at very low alti- 
tudes. He can fly in any weather. He need 
never see the ground or sky. 


This new system can achieve very accurate 
weapon placement with a wide variety of 
armament even under adverse weather 
conditions. 

A veritable ‘flying brain” with amazing 
aptitudes, this Hughes system incorporates 
several new achievements in the electronic 
art. It has a radar system with several 
times the range and resolution of current 
radars. It has an automatic navigation sys- 
tem which provides the pilot with a con- 








tinuous picture of his position on a moving 
map display. It has a unique terrain clear- 
ance system which warns the pilot of any 
obstacles when he is flying at low altitude. 
And all of this capability is in a small, 
light-weight “package,”’ with low first costs 
—low maintenance costs. 


This new navigation system is but one in a 
long list of important electronic systems 
developed and manufactured by Hughes 
Aircraft Company. 


These activities cover virtually every elec- 
tronic field: air-to-air guided missiles, ad- 
vanced air-borne control systems, space 
ferries, ground-control-radar surveillance 
systems, microwave communications sys- 
tems and others. The reliability and opera- 
tional capabilities of these systems have 
earned them the confidence of thousands 
of users throughout the free world. 


HUSINT S.A. 


HOW TO RADICALLY INCREASE TACTICAL MISSION SUCCESS 


The moving map display provides the pilot with 
continuous position and course information. At each 
designated check point, the system automatically 
checks the map position against the radar display 
and makes the necessary flight corrections. 


HUGHES INTERNATIONAL 


82 RUE du RHONE, GENEVA, SWITZERLAND 


























TRADITION AND PROGRESS IN AIRCRAFT MANUFACTURING 


MESSERSCHMITT AG - AUGSBURG 





























DATICO on duty: 67 days and (Fane Tiditeltiaiiicciaatielaeys 


Aboard the nuclear submarines of the U.S. Fleet Ballistic 
Missile System Datico continuously monitors and checks 
out all sixteen Polaris missiles. During a recent cruise 
of the Patrick Henry, its Datico system maintained 
operational status around the clock for 67 days without 
interruption. 

This is the kind of performance that made Datico the 
prime checkout equipment for the U.S. Navy’s Polaris 
missile. Datico systems have now logged more than 
50,000 hours of operation in this critical role. Datico 
is also being used by the U.S. Army and Air Force to check 





out a wide variety of missiles, systems and equipment. 
In fact, Datico is more widely used by all three U.S. 
armed forces than any other integrated automatic checkout 
equipment. 

Datico is a completely self-contained automatic tape 
checkout system. It is simple to operate and maintain, and 
can accomplish the preflight checkout of a modern aircraft 
weapon system in as little as fifteen minutes. Datico can 
be readily converted to check out any modern weapon 


rum: NORTHROP 


or unmanned. 
NORTHROP CORPORATION, BEVERLY HILLS, CALIFORNIA, USA 
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ROLLS-ROYCE 


JET LIFT AND PROPULSION ENGINES 


have been specified for 


NEW STOL AND VTOL MILITARY AIRCRAFT 











vie 


Short Take-off and Landing Vertical Take-off and Landing 





High performance Advanced types of military STOL and VTOL aircraft are being 
designed with Rolls-Royce engines because of the performance which they offer. The latest 
jet-lift engine has a thrust sixteen times its own weight. Joint development of the Rolls-Royce 
R.B. 162 jet-lift engine has been agreed by the British, French and German governments. 


Experience Since 1941 Rolls-Royce has pioneered work on STOL and VTOL powerplants; 
the company's experience in this field is unrivalled. Techniques have been proved by a wide 
range of ground and flight tests including those with the “ Flying Bedstead " and the Short SC.1 
research aircraft. 


Wide choice Rolls-Royce can offer a very wide range of jet-lift and propulsion composite 
powerplants suitable for all types of subsonic and supersonic STOL and VTOL aircraft. 
Lightweight performance boost can be provided for STOL aircraft either by direct jet thrust or 
by flap-blowing for high lift. 


Operational advantages Aircraft with Rolls-Royce VTOL engines can operate from 


unprepared surfaces without special ground facilities. When using the latest take-off and 
landing techniques no difficulties are caused by recirculation and ground erosion. 


AERO ENGINES - MOTOR CARS - DIESEL AND PETROL ENGINES » ROCKET MOTORS - NUCLEAR PROPULSION 
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The Alternative Solution 


The space programmes, in which the USA is investing 
billions of dollars and to which an important part of 
this issue is devoted, are hardly likely to bring us any 
nearer to peace, even if they were intended by their 
initiators to serve peaceful purposes. Fundamentally, 
these programmes are destined to strengthen the 
standing of the greatest Western nation in coming to 
terms, both in the ideological and economic planes, 
with the new world powers. For the Soviet leaders 
have long understood the art of harnessing to their 
own ends man’s understandable striving after ever 
new technical horizons. In this struggle of the giants, 
Europe is cast for the role of a mere onlooker, though 
perhaps one who sometimes wonders whether the race 
is really necessary. 

From what we can see at present, it seems rather as 
if America has no option but to keep up with the 
hectic pace of development. Even the American tax- 
payer has had to resign himself, albeit with a heavy 
heart, to the apparently unchangeable course of 
events, despite the fact that he sometimes gets a drastic 
demonstration of how quickly a milliard dollar project 
can change from a promising trump-card into a scrap 
of paper. 

“War of wits” was the figure of speech used years 
ago by an American to describe the chessboard 
strategy in which each player tries to inhibit the free- 
dom of movement of his opponent by means of 
elaborate subterfuges. This strategy, which the rival 
blocks now employ assiduously, does indeed admit 
of an amazing number of variations, as is demon- 
strated by the fact that the struggle has now moved 
into the realm of space. The new projectiles and robot- 
weapons which, all anti-anti-anti-missiles not with- 
standing, continue to multiply all the time, owe their 
raison d’étre to the illusion that, even if one cannot 
checkmate one’s opponent on earth, there may perhaps 
be a winning move somewhere on the other side of 
the moon. 

But is it really in space that the match will be 


won? 
* 


The year to which we now bid goodbye has brought 
enough setbacks on earth. The still unsolved Berlin 
crisis showed up the impotence of the robot strategists, 
to their shame, in the face of concentrated conventional 
force. And the uncomfortable realisation that the 
European NATO countries have perhaps still not 


done enough for the defence of the Western positions 
comes late indeed. Their readiness from now on to 
give more attention to conventional means of defence 
seems, in view of the Soviet explosions of giant nuclear 
bombs, to be opening the way to renewed resignation. 

The price which the Kremlin’s strategists seek to 
extort for resolving the Berlin crisis is well known. It 
has been quoted in many currencies, one of which 
is the denial of nuclear weapons to the German Federal 
Republic. Another is couched in more general terms, 
namely the overall weakening of NATO. 

On the first point, it is up to the NATO powers 
themselves to reach agreement for once. The second 
will not however be the subject of further discussion, 
for NATO can hardly become weaker than it already is 
without losing all justification for its existence. 

Looking then to the year ahead, the current situation 
admits of only two alternatives as far as armaments 
are concerned. Either NATO must at all costs be 
strengthened, or there must be fundamental revision 
of the entire Western military machine. If strengthen- 
ing is the course to be adopted, this will of course in- 
volve restriction on national obduracies, a clearer and 
more logical attitude on the part of the Pentagon to 
the key common defence questions, and above all 
unified defence efforts by the European partners in 
NATO. 

If the USA does not intend to rely solely on the 
problematic effectiveness of her deterrents, she 
needs Europe. And Free Europe owes its support to 
America. The North Atlantic alliance offers the 
opportunity of translating good will and sound judge- 
ment into deeds... before it is too late. 


* 


At the threshold of the New Year, we are confronted 
with many disturbing questions which are of particular 
concern to Europe’s Aviation Industry. Fortunately, 
some of these questions relate to civil projects which 
now also fall into the billion dollar category. The 
answers may well be decisive for the future of whole 
branches of industry and for hundreds of equipment 
manufacturers. The pros and cons must therefore be 
subjected to a thorough examination, and in the 
ensuing twelve months /nteravia will not let itself be 
deterred from its task of following these discussions 
in the capacity of an objective reporter. 

We close with the wish that the year ahead may bring 
every satisfaction to our Readers and Friends. nite 
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Trends in the Development 
of US Space Vehicles 


Since the last half of the 1950’s, a tremendous 
growth has been experienced in the development, 
construction, and launching of rockets. To some 
extent, this growth has been stimulated by the 
rather glamorous connotation of space flight, 
which offers so much potential adventure in those 
areas previously denied to man’s investigation. 


But a far more important stimulation to the 
growth of the rocket programs has been the un- 
expected expansion of our knowledge and tech- 
niques. Quite literally, our findings have pro- 
pelled us forward. Each area of investigation has 
disclosed other areas demanding to be probed. 
And each of these, in turn, draws us still further 
into more investigation and more discovery. 


In the USA, with the establishment of the 
Huntsville, Alabama, development complex ap- 
proximately eleven years ago, the first significant 
steps were taken which led, ultimately, to the 
development of big rocket launch vehicles. Ap- 
proximately six years ago, industry began a full- 
scale participation in vehicle development. With- 
in this time period, therefore, we can find the 
roots of the current rocket vehicle programs. 


It should be borne in mind that large carriers 
are normally developed from surface-to-surface 
ballistic missile weapons. In the period following 
World War II, the United States placed primary 
emphasis upon surface-to-air and air-to-air 
guided missiles. As a result, development of 
these classes progressed very rapidly, while, on 
the other hand, ballistic missile activity received 
very little emphasis until approximately six years 
ago. Thus when the ballistic missile programs 
were accelerated in 1955, the state of the art in 
rocketry was confined to the Army’s single-stage 
Redstone and Corporal missiles, and authorization 
for the design initiation of the Jupiter IRBM had 
just been granted. In 1955, Air Force’s Atlas 
ICBM was approaching the hardware stage, with 
flight testing still two years ahead. The Thor and 
Titan programs were just getting underway, while 
the Navy’s Polaris was still two years in the 
future. 


The Jupiter, Thor, and Titan were, therefore, 
concurrent with the Vanguard project. Up until 
this time, vehicle designs were, in general, highly 
conservative, with relatively high safety factors 
(1.5), and low ratios of propellant to launch 
weight (mass ratio). The Viking research vehicle 
had the highest mass ratio (0.8) of any pump-fed 
vehicle system flown. In the field of aerodynamics, 
little was known of transonic flow. Flight data 
was limited to that gained from the V-2, Viking, 
Corporal, Aerobee, and artillery shells. The heat- 
ing problem was not well understood, since 
theory could not be confirmed until tests had 
been made and results studied. This was partic- 
ularly true in the case of the re-entry problem, 
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By Dr. O. H. Lange (NASA), Huntsville, Alabama 


which was ultimately solved at Huntsville during 
Jupiter development. 


Guidance and control hinged around con- 
tinued use of carbon jet vanes and aerodynamic 
control surfaces. The Viking was the only vehicle 
which had employed gimballed engines, aug- 
mented by fixed fins and control tabs for guidance 
and control purposes. The gimballed engine 
approach was considered superior to jet vanes, 
since these reduced performance and often 
burned or broke off, while the electro-hydraulic 
gimbal actuating systems were rapidly reaching 
high levels of efficiency and reliability. 


Altitude reference for Viking was provided by a 
conventional, medium-precision, vertical-direc- 
tional gyro combination with drift rates of 1%- 
degree per minute. Vertical-directional gyro units 
of appreciably lower drift and capable of per- 
forming in the rocket environment were not in 
the hardware stage. Gimballed inertial platforms 
with greater precision were in development, al- 
though they weighed in excess of 120 pounds, in- 
cluding electronics. However, low-drift, single 
degree-of-freedom integrating-rate gyros were 
rapidly becoming available. 


Certain vehicles employed auto-pilots, which 
were approaching a state of high reliability. At the 
same time, magnetic amplifiers and transistor 
circuits to replace the vacuum tubes became 
available. Transistors promised smaller weights 
and volume, as well as a high degree of reliability. 
However, the state of development of basic 
transistor circuits lagged behind that of both 
vacuum tubes and magnetic amplifiers. 


These were but a few of the problem areas 
facing the designers when the demand for ballistic 
missiles and space launch vehicles erupted. For- 
tunately, ballistic missile systems were developed 
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at such speed that demands for satellite and space 
craft carriers could readily be met. 


An early proposal was the use of the Redstone 
missile as a satellite carrier—the Orbiter program. 
This proposal was superseded by the initiation of 
the Vanguard project. Designed purely as a re- 
search vehicle, the three-stage Vanguard was 
capable of injecting a 23-pound satellite at 300 
statute miles into an orbit having an apogee of 
approximately 800 statute miles and a perigee of 
not more than 300 statute miles. Fourteen 
vehicles (2 Vikings and 12 Vanguards) were 
launched during the course of this program 
(1956—1959). 


But, as is well known, development problems in 
the Vanguard project prompted the initiation of 
a back-up program at Huntsville, Alabama. 
Here, it was decided to press the Redstone into 
service to launch the Explorer series of satellites. 
The version of Redstone used was designated 
Jupiter C (Juno I), originally developed as a re- 
entry test vehicle to support the Jupiter program. 
Nine of these vehicles were launched from 1956— 
1958: the first three were for re-entry tests; the 
remaining six were used to carry £xplorer 
satellites. All the Explorer launchings which took 
place between January and October 1958 were 
with Juno 2. This vehicle, based on the Jupiter 
missile, has been used to place Explorers VII, 
VII, and X71 into earth orbit and to launch the 
first American satellite into solar orbit. The latter 
experiment permitted comprehensive investi- 
gation of cislunar space, as well as establishing a 
miniature space laboratory to send back data 
concerning the interplanetary magnetic field. It 
was this satellite which discovered a ring of cur- 
rent, measuring 25,000 miles in diameter and of 
five million amperes, located 40,000 miles from 
the earth. 

















DELTA 








ATL 
Sco 








ATLAS 
SCORE 








The Thor is another of the family of launch 
vehicles adapted from IRBMs. This vehicle 
system has been used more extensively than any 
other in the United States: Thor-Able served for 
launch and re-entry testing ; Thor-Able Star was 
used to carry communications satellites and a 
radiation satellite; Thor-Agena and Agena-B 
were used for the Discoverer series of earth 
satellites; Thor Delta for launching Tiros II 
(weather satellite) and Echo J (passive communi- 
cations satellite). Of the 122 launch attempts of 
the Thor vehicle (through February 21, 1961), 86 
were successful. 


The Scout vehicle has been designed specifi- 
cally for small satellite launchings. An all-solid 
propellant vehicle, it has been launched eight 
times through February 16th, 1961, on which 
date it placed Explorer IX into earth orbit. Of 
these launchings, two failures were experienced 
in second-stage ignition. From the engineering 
standpoint, the Scout vehicle family is represen- 
tative of the trend to reduce vehicle cost without 
compromising the job to be accomplished. 


The family of vehicles based on the A//as re- 
presents a marked advance in space research 
programs. Atlas is the most powerful of the 
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carriers employed, and the entire launch vehicle 
was orbited on December 18th, 1958. This 
exercise was a testoperation of a satellite com- 
munication system named Project SCORE, an 
abbreviation of “Signal Communication Orbit 
Relay Experiment.’”’ The vehicle (Atlas-Able) 
had been adapted to the lunar satellite orbit pro- 


Scale drawings of the Ameri- 
can carrier rockets which 
have been employed to 
date. Compare the Vanguard 
rocket on the extreme left 
the first American satellite 
carrier vehicle, launched four 
years ago at a lift-off 
weight of ten tonnes, with 
the Saturn C-] at the other 
end of the line, with a launch 
weight of at least 550 tonnes 
and nearly 165 ft long. 
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The first Saturn C-1 carrier rocket at the Fabrication and 
Assembly Engineering building at NASA’s Marshall 
Space Flight Center, Huntsville, Alabama. This vehicle, 
fitted with full-size mock-ups of the second and third 
stages, was successfully launched at Cape Canaveral on 
October 27th, 1961. 


jects, with four attempted launchings through 
December 15th, 1960, all of which failed to 
accomplish the objective. In the Agena series, 
attempts were made to orbit Midas I and I] and 
Samos I and JI. Of these attempts, Midas IT and 
Samos II were successful. 


All of these launches have been used to place 
instruments into space in order to investigate the 
characteristics of the space environment, and, in 
addition, to study the earth’s atmospheric en- 
vironment, magnetic fields, and allied subjects. 
This was, of course, a logical path to follow: 
learn as much as possible about space, and 
determine the circumstances under which human 
survival could be assured. All of this preliminary 
work has enabled engineers to design man-carry- 
ing spacecraft with an extremely high probability 
of successfully returning the passengers. 


Our first man-in-space program, designated 
Project Mercury, was initiated as a result of 
studies conducted by NACA in early 1956. 
Official program authorization was provided in 
August 1958. The two launch vehicles selected to 
support the program were the Army Redstone 
and the Air Force Aflas. At its outset, the Mer- 
cury program had the following specific objec- 
tives: to place a manned space capsule in orbital 
flight around the earth; to investigate man’s per- 
formance capabilities and ability to survive in 
a true space environment; and to recover the 
capsule and the man safely. 


Through February 2lst, 1961, the Mercury- 
Redstone I and 2 were test flown. Because of a 
minor pad malfunction, causing ignition of the 
escape rocket, MR-1 left the capsule behind on 
the pad. Since that time, Commander Shepard 
and Major Grissom have successfully flown 
through ballistic trajectories. The Mercury-Atlas 
has also been tested, MA-1 and MA-3 malfunc- 
tioning, and MA-2 and MaA-4 performing 
successfully. 


As more information about space is acquired, 
more is desired. The limits of vehicles designed 
primarily for military usage are, quite naturally, 
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rapidly being approached. To secure additional 
information about the deep space environment, 
about the moon, Mars, and Venus, more sophisti- 
cated instrumentation is required, in addition to 
larger and heavier spacecraft. These require- 
ments necessarily translate themselves into larger 
and more powerful launch vehicles. To obtain 
such vehicles, thereby permitting more extensive 
scientific investigations of space, is the objective 
of Project Saturn. 


In 1957, preliminary design studies had al- 
ready begun, investigating the concept of high- 
thrust boosters using clustered engines. One 
original concept included the clustering of four 
Rocketdyne E-1 engines. This 400,000 Ib thrust 
engine was the largest single engine under de- 
velopment at the time. During 1958, however, the 
Advanced Research Projects Agency of the De- 
partment of Defense, authorized development of 






















Model of the projected Rocketdyne J-2 rocket engine. 
This engine, driven by liquid hydrogen and liquid oxygen, 
is at present under development under an NASA $44 
million contract for a later version of the Saturn carrier 
vehicle and is to produce 200,000 Ib thrust. 1 — liquid 
oxygen heat exchanger; 2 — liquid oxygen intake; 3 
actuation cylinders for engine swivelling; 4 — liquid 
hydrogen intake; 5 — gimbal mount. 


a 1.5-million pound thrust booster, based on the 
clustered engine concept. The original idea was 
modified to eight H-1 engines, because of the cost 
required to bring the E-1 engine to an operational 
status. 


The initial objective of the program was to 
demonstrate the feasibility of a high-thrust, 
clustered-engine booster; in the latter part of 
1958, the program objectives were supplemented 
by the requirement to develop a multi-stage 
research vehicle. Based on this new objective, 
studies were made of two- and three-stage con- 
figurations using IRBM and ICBM hardware. 
These offered reasonable capabilities but did not 
produce optimum performance. Continued study 
of the problem of Saturn upper stages evolved into 
the Saturn vehicle family, consisting of several 
basic flight configurations, the C-1, C-2, C-3, 
and the giant Nova. Current program plans call 
for the development of the C-1, C-3, and Nova, 
the C-2 being eliminated because of its limited 
payload capability. 

The first Saturn configuration, the C-1l, is 
scheduled to undergo a ten-vehicle flight test 
program, which will be completed during 1964. 
The first four C-1 vehicles consist of a live booster 
(S-1) stage, plus inert or ballasted upper stages 
(S-IV and S-V), and payload assembly. The first 
flight test of the C-1 configuration took place on 
October 27th of this year. 


The fifth vehicle of the C-1 series will use a 
live second stage (S-IV), replacing the inert stage 
used on the preceding vehicles. The fifth and 
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succeeding vehicles of the series will be used to 
flight-test the Apollo spacecraft. 


The S-1, or booster stage, delivers 1,500,000 
pounds of thrust from a cluster of eight rocket 
engines developed by the Rocketdyne division of 
North American Aviation. The engines, attached 
to an eight-legged thrust frame on the aft end of 
the vehicle, are arranged in a square pattern. The 
four inner (inboard) engines are rigidly attached 
on a three-degree angle, canted relative to the 
longitudinal axis of the stage. The outer engines 
are canted six degrees and mounted on gimbals 
which permit them to be turned 10 degrees, thus 
providing vehicle control during the first stage of 
powered operation. 

Propellants (kerosene and liquid oxygen) are 
stored in eight 70-inch diameter tanks clustered 
around a 105-inch diameter central tank. The 
kerosene tanks are pressurized by gaseous nitro- 
gen, carried in 48 fiberglass spheres, which are 
mounted to the forward structural support 
assembly. The liquid oxygen tanks are pressurized 
by gaseous oxygen bled from the heat exchangers 
of the propulsion system. 


The second stage of the C-1 configuration (the 
S-IV) is under development by Douglas Aircraft 
Corporation. The stage will also serve as the third 
stage of the C-3 configuration. The S-IV is 
powered by six rocket engines, burning liquid 
oxygen and liquid hydrogen and developing a 
total thrust of 90,000 pounds. All engines gimbal 
for control purposes. The S-IV stage is connected 
to the booster by an inter-stage structure, which 
remains with the lower stage upon flight separa- 
tion. The S-IV stage structure has an integral, 
tandem-arranged propellant tankage, with the 
liquid hydrogen section forward and the oxygen 
section aft. These compartments are separated 
by a single insulated bulkhead. 

This stage represents a major breakthrough in 
the development of rocket vehicles. For many 
years, it has been known that the combination of 
hydrogen and oxygen represented the most 
desirable thermochemical propellant combina- 
tion. To harness the power of these propellants 
and to obtain the high performance necessary for 
currently planned space flight research programs, 
large-scale hardware development has _ been 
initiated by the Saturn program. 


The initial Saturn configuration has_ the 
capability of placing 10 tons of payload into earth 
orbit and/or of carrying three men into orbit. 
The vehicle will use a guidance and control 
system adopted from early ballistic missiles. The 
system consists basically of a guidance computer, 
control computer, and stabilized platform. The 
guidance and control scheme of the Saturn anti- 
cipates the so-called ‘“‘man-rating’’ requirement 
necessitated by the use of Saturn as a launch 
vehicle for man-carrying spacecraft. In this 
connection, if one of the booster engines fails 
and is extinguished, the vehicle must continue to 
perform its mission. The guidance system will 
automatically give corrective signals necessary to 
compensate for the thrust loss. 


The next configuration of Saturn is designated 
C-3—a large step forward in the development 
of launch vehicles. The clustered tanks of the C-1 
booster stage will be replaced by an integral tank 
design, to which two huge kerosene-liquid oxygen 
burning engines will be attached. These engines 
(designated F-1) are under development by 
Rocketdyne Division of North American Avia- 
tion, and will each produce 1,500,000 pounds 
thrust. As arranged on the C-3 booster, they will 
produce a total of 3,000,000 pounds thrust, the 
new booster stage being twice as powerful as the 
stage employed with the C-1 configuration. 


The second stage (S-II) of the C-3 configuration 
will be powered by four engines, each developing 
200,000 pounds thrust and using liquid hydrogen/ 








Engines 


Like all large rockets to date, the Saturn is powered 
by liquid propellant engines. For feeding the huge 
quantities of fuel to the combustion chambers, 
“classic” turbo-pumps are employed. Nevertheless, 
owing to the high thrust stipulated (1,500,000 Ib), 
realisation of the rocket powerplant for the Saturn 
first stage confronted designers and engineers with 
entirely new problems. 


The NASA programme did not allow much time 
and, in order to meet the deadlines, a decision was 
taken in favour of a “grouped” engine, comprising 
eight clustered rocket engines of a thoroughly tried 
and relatively simple type. At the same time, this 
choice made it easier to fulfil one requirement, which 
appears comprehensible if one bears in mind the 
fantastic expense of a single Saturn operation. This 
is that the carrier rocket should be able successfully 
to accomplish its mission even if one engine fails; in 
other words, once the failure occurs, the remaining 
engines must be capable of being aligned and con- 
trolled in such a way that the entire vehicle continues 
its ascent. 


In the case of the first stage S-I of the Saturn C-1, 
the engine is a Rocketdyne H-1, i.e. an improved ver- 
sion of the Jupiter and Thor engines, which have been 
used successfully for a number of years. The main 


improvements are considerable simplication of the} 
fuel feed and regulation (only one-tenth of the moving | 


parts of its S-3 and S-4 predecessors); more reliable 
starting, thanks to a turbine with a powder charge 


rocket starter and hypergolic ignition; simplified | 


lubrication; lightweight combustion chamber and jet 


nozzle design. Less than eight months after receiving — 
the order, Rocketdyne was in a position to deliver the | 
first H-1. In January, 1960, the NASA Marshall Space © 


Flight Center received the operational engine. 


After the Saturn programme had started, it became | 
clear that the Industry could build a substantially; 


larger single-chamber engine with many times the 
thrust of the H-1 and in a shorter time. Accordingly, 
the Rocketdyne Division of North American Aviation 
Inc. was entrusted with the production of an engine 
of this type to deliver a thrust of 1,500,000 Ib. This 
engine, designated the F-1, promises to be the most 
important rocket engine in the US Space programme. 
Clustered in fours to eights, this engine will become 
Saturn C-3's powerplant, and drive the Nova mammoth 
booster into space. More details would therefore 
appear to be called for concerning the F-1, which with 


Scale drawing of the main Rocketdyne rocket engines 
for the American space programme. (From a_ paper 
“Thrust for Space Travel” by Charles R. Bell, Project 
Engineer, Rocketdyne). 
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its 1,500,000 Ib of thrust, is at present the most power- 
ful performer amongst American liquid propellant 
engines. 


First studies began as early as 1955 under a USAF 
programme. The initial problem was to ascertain 
whether it was a practical proposition to develop 
rocket engines of this type and performance class at 
all. Two years later, Rocketdyne submitted a detailed 
design for an engine of this kind, tests started on the 
model, and the design of the combustion chambers 
was put in hand. In January 1959, NASA awarded a 
development contract. Two months later, in the course 
of test runs, stable combustion was achieved and, 
within a short period, a thrust figure of 1,000,000 Ib 
reached. Six months later, thrust of this order had 
become a “commonplace.” 


Since then, more than 350 large-scale tests on the 
F-1 and its main components have been carried out, 
including ten with complete engine and more than 
140 on the combustion chamber at thrust levels in 
excess of 1,000,000 Ib. 








The Rocketdyne’s H-1 liquid propellant engine is the 
mainstay of the first stage powerplant in the Saturn C-/. 
1 — main fuel valve; 2 — drainlines; 3 — fuel pump; 
4 —- LOX pump; 5 — heat exchanger; 6 — aspirator; 
7 — gimbal block; 8 — actuator tie point. 


The Rocketdyne F-1 mammoth 
rocket engine delivers a ground 
thrust of over 1,500,000 Ib. 
The fuel feed turbo-pump 
above the combustion cham- 
ber delivers 60,000 h.p. and 
feeds a total of 6,000 Ib of 
liquid oxygen and kerosene 
per second into the com- 
bustion chamber. 


The F-1’s main components are: a regeneratively 
cooled combustion chamber, direct propulsion turbo- 
pump, gas generator, and various regulation systems. 
The combustion chamber comprises the chamber 
itself including thrust nozzle, an oxygen dome with 
double entry, two fuel valves, and a flat injector plate. 
The combustion chamber wall is built of two layers 
of profiled steel tubes. In production, these tubes are 
bent into the desired form, clamped together, and 
then hard-welded to each other in a special gas- 
heated furnace. In operation, the fuel flows through 
the tubes of the inner layer in the direction of the 
nozzle, and returns through the tubes of the 
outer layer and then to the injector plate via 32 
channels arranged radially. After being forced through 
the 3,700 tiny openings in the injector, the fuel enters 
the combustion chamber in a highly turbulent state, 
where combustion occurs by the injection of liquid 
oxygen. 

A special feature of the F-1 engine is the possibility 
of attaching uncooled nozzle extensions of various 
shapes to the cooled nozzle cone. These detachable 
extensions not only simplify transport of the engine, 
but also increase its suitability for certain tasks. By 
fitting these extension elements, any desired expan- 
sion surface ratio (i.e. ratio of sectional area of the 
nozzle throat to gas flow) between 10:1 and 16 :1 
can be obtained. 

The 2,500 Ib turbopump (60,000 h.p.) feeds the com- 
bustion chamber with 4,000 Ib of liquid oxygen and 
2,000 Ib kerosene per second. Propulsion of the turbo- 
pump is effected by propellant gas, which is generated 
by combustion of a LOX/kerosene mixture in the gas 
generator. This accounts for some 2 percent of the 
total propellant supply of each F-1. 


The main regulator system includes two fuel and 
two oxygen valves on the combustion chamber dome, 















































Engine model F-1 E-1 MA-3 MA-2 H-1 MB-3BLK1| JUPITER | REDSTONE 
Thrust (in tonnes) 680 182 176 167 85 75 68 35 
Fuels O,/RP O,/RP O,/RP O./RP O,/RP O,/RP O,/RP O,/Alcohol 
w 
MA-3 MA-2 H-1 MB-3BLK1 JUPITER RED- 
STONE 












as well as a gas generator valve, a fuel/oxygen flow 
regulator for the gas generator, and a four-way 
magnetic spool valve for control of the remaining 
valves. The latter is one of the only two parts of the 
engine which require electricity. The other is the 
sparking plug in the gas generator. 


The F-1 undergoes testing on special test stands, 
devised by Rocketdyne, itself, and set up at Leuhman 
Ridge, Edwards AFB, Calif. The installations, which 
were erected at a cost of $15 million, include complete 
test stands for combustion chamber tests and two 
stands for test running the complete engine—all 
suitable for thrusts of 1,500,000 Ib and more—and a 
centrally located control shelter, together with other 
necessary auxiliary installations. During each test 
run, 117 printers and two _ high-frequency tape 
machines record nearly 200 different measurement 
data. Although evaluation of the material is under- 
taken at the Rocketdyne Computer Center at Canoga 
Park, the engineers at Edwards AFB are supplied 
with the main results within less than half-an-hour. 
So much for the F-1. 


Apart from the F-1 motor, the Saturn project has 
brought further progress in the field of space vehicle 
propulsion, namely the production of rocket motors 
using liquid hydrogen and liquid oxygen. For some 
time, Aerojet-General, Pratt & Whitney, and Rocket- 
dyne have been occupied with the development of 
these engines in various thrust classes. For the upper 
stages of the Saturn, liquid hydrogen/liquid oxygen 
motors with thrusts of 150,000 and 200,000 Ib have 
been provided. For the second stage S-IV of the Saturn 
C-1, the Pratt & Whitney Division of United Aircraft 
Corporation is supplying a propulsion unit consisting 
of 6 RL 10A-3 type engines which produce a total 
thrust of 90,000 Ib. These engines have also com- 
bustion chambers with regenerative cooling and 
turbo-pumps for fuel supply. The liquid hydrogen 
is delivered from the tank via a primary pump stage, 
check valve, cooling and relief valve, second pump 
stage, cooling and relief valve, cooling tubes in the 
wall of the combustion chamber diffusor, turbine and 
then via the injector into the combustion chamber. 
In this process, the liquid hydrogen performs a double 
function: after the combustion chamber wall has been 
cooled, part of the warmed liquid hydrogen is bled 
off and, after expanding in the diffusor, is used to 
drive the turbo-pump. 


Further progress in the near future may well come 
as a result of the plug nozzles currently under investi- 
gation by Aerojet-General and Rocketdyne. Under 
the terms of a NASA study contract, Aerojet-General 
is designing nozzles of this type suitable for thrusts 
of 1,000,000 to 20,000,000 Ib. New developments of 
this kind are, however, likely to come too late for the 
Saturn programme. + 
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The steel tower, constructed by Kaiser Steel Corporation for the erection, service 
and testing of the Saturn rocket, weighs 2,540 tons and cost $3.9 million. Borne on 
four 12-wheeled carriages, the tower can be rolled 600 ft away from the launch pedes- 
tal on standard gauge heavy railway tracks; these tracks are set on concrete founda- 
tions 8 ft deep. The tower is designed so as to withstand wind speeds up to 125 mph. 
The five service platforms surrounding the rocket have independent heating, air- 
conditioning, lighting and telephone installations, and are accessible by means of 
three lifts. 


Block diagram of Saturn C-I’s guidance and control system. With the exception of 
some rate gyros and pitch and yaw accelerometers, the guidance system in the 
Saturn rocket is housed in the pressurized instrument unit between the second stage 
(S-IV) and the final stage (Apollo spacecraft). Program device J feeds the tilt program 
to the stabilized platform. The gyros and accelerometers of this platform pass 
attitude signals to the control computer, the velocity signals being integrated in a 
digital guidance computer and then processed in a guidance signal processor, prior 
to reaching the control computer. The latter also receives data from the reference 
gyro placed in the first stage of the rocket and from the pitch and yaw accelero- 
meters, all of which are processed into steering commands to the hydraulic ampli- 
fiers for the swivelling devices of the first and second stage rocket engines. 


Vv 


liquid oxygen propellants. This stage is currently 
under development by North American Aviation. 
The third stage of the C-3 configuration will be 
the S-IV, previously discussed. 


In consequence, the C-3 version of the Saturn 
launch vehicle will have a total thrust output of 
almost 4,000,000 pounds. It will be capable of 
placing about 50 tons into earth orbit, or 15 tons 
escape. 


Following this configuration of Saturn is the 
Nova vehicle, an even greater step forward in the 
development of launch vehicles. The first stage 
of Nova will consist of a cluster of eight 1,500,000- 
pounds thrust, single-chamber, kerosene engines, 
developing a total thrust of 12,000,000 pounds. 
The second stage might use eight 200,000-pound 
thrust engines, burning liquid oxygen and liquid 
hydrogen propellants. Total thrust developed will 
be 1,600,000 pounds. The third stage might use 
two of the same 200,000-pound thrust engines. 
The total thrust generated by this vehicle is 
estimated at 14,000,000 pounds. (To realize the 
growth represented by this vehicle, it should be 
noted that the Mercury-Redstone develops a total 
of 78,000 pounds thrust). With such power avail- 
able, it will be possible to place a three-man 
spacecraft on the moon and return it to earth. It 
would also be feasible to send three men on a 
voyage around Mars, and to return them to 
earth. 


With these basic Saturn-family configurations 
(C-1, C-3, and Nova), we will have the potential 
to conduct a comprehensive exploration of space. 
First, however, we must use instrumented pay- 
loads to gather the data necessary to determine 
man’s survival requirements in space. A short 
time afterwards, we will witness the expedition 
of man himself into the cosmos. 


The three basic Saturn-family configurations 
must be manufactured, tested, transported to the 
launch site, and then launched. These operations 
are tremendous undertakings in themselves, and 
have required development of special tooling, 
handling equipment, check-out and testing equip- 
ment, and launching facilities. 


Structures 

The rocket engineer’s dream is to convert vir- 
tually all of the launch vehicle’s weight into pro- 
pulsive energy. There is, of course, a practical 
limitation to this dream, for the structure of the 
launch vehicle itself contributes the major portion 
of the so-called “inert” weight. It is extremely 
difficult to reduce structural weight, because the 
structural design of the vehicle must resolve a 
number of interrelated problems. Some which 
must be considered are: 
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Section of the first stage of the 
Saturn rocket. Around the 8.7 ft 
diameter central liquid oxygen 


tank are eight other tanks each of 


5.8 ft diameter. Four of these are 
for liquid oxygen and four for 
kerosene. The tanks are held to- 
gether at the top by a large frame, 
which also carries the supporting 
struts for the second stage and 
serves as an inter-stage fairing 
to the second stage. At the bottom 
the tanks are held together by a 
cylindrical skirt, to which are 
attached outrigger supports for the 
eight rocket engines. These trian- 
gular outriggers in turn carry the 
engine support bearings and the 
hydraulic actuation arms _ for 
swivelling the engines. 


flight and ground loads; 
rigidity requirements; 
safety factors and allowable stress. 


Safety factors and allowable stress are always 
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difficult to predetermine, especially, when man- 
carrying spacecraft are to be launched. The flight 
test program is a very important adjunct to this 
phase of design. On one of the large launch 
vehicles, for example, the design engineers pared 
every ounce from the structure, to what they 
thought was an absolute minimum. However, 
during the flight test program, one vehicle mal- 
functioned and actually flew sideways for several 
seconds before command destruction was carried 
out. It was observed that the vehicle did not break 
up during this time, which led to revisions of 
safety factors and allowable stress, permitting 
marked improvements in mass ratios. 


The launch vehicle itself is basically cylindrical 
in shape, and compartmentalized for convenience 
into sections, by far the largest section being 
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occupied by the propellant tanks. Three types of 
tank geometry immediately suggest themselves: 
tandem, concentric, and multiple. The tandem 
arrangement is no stranger to rocket engineers, 
for it is used on virtually every current major 
launch vehicle. The concentric type of tank 
arrangement is a very reasonable means of 
packaging considerable performance into a 
vehicle, without unduly extending the fineness 
ratio beyond practical limits—particularly when 
propulsive spacecraft are desired for deep space 
probes. The clustered arrangement is used for 
S-I of the Saturn C-1 vehicle, and is also planned 
for a Nova type booster. This approach has the 
advantage of obtaining high thrust with existing 
hardware and technology. 





In determining the overall shape of the launch 
vehicle, many considerations must be carefully 
weighed. Besides carrying the various dynamic 
and static loads, the structure is subjected to 
thermal loads, particularly when cryogenic pro- 
pellants are used. The Saturn Stage I, for example, 
has forward fuel tank mounts on expansion joints 
which allow for contraction of the structure as 
liquid oxygen is loaded aboard. 


Because of the penalty that weight imposes on 
performance, every effort is made to keep vehicle 
weight to a minimum, In this case, as in most 
others, ‘‘rules-of-thumb” are used to gage the 
general effectiveness of possible weight savings. 
For the Vanguard vehicle, the reduction in final 
payload injection velocity caused by the addition 
of one pound to the burnout weight of a given 
stage is as follows: first stage = 1 feet/sec; second 
stage = 8 feet/sec; third stage = 80 feet/sec. The 
weight savings effected on the Vanguard vehicle 
were at the expense of increased systems com- 
plexity. Two specific examples will serve to 
illustrate the difficult “trade-off” in reaching a 
decision to save weight. 


A saving of 71 pounds in structural weight was 
indicated by the use of a heating charge in the 
second-stage helium sphere, due primarily to 
reduction of maximum sphere pressure. Alumi- 
nium, rather than steel, was used for the thrust 
chamber of the second stage engine, thus saving 
60 pounds, though at the price of fabrication 
problems and a marginal chamber lifetime. 


The sloshing of liquid propellants in their 
tanks is an important source of oscillatory loads. 
The effect on structural loads is not great but, by 
coupling back through the control system, the 
effects can be very detrimental to the vehicle. 
This is one of the major problems in missile 
design—the crosscoupling effects between the 
control systems and the structure of the vehicle. 
The problem lies primarily in the area of control, 
but the strong interaction with the structural 
loads must be carefully treated and sympathetic 
frequencies avoided. 


Guidance and Control of Saturn 

For most large vehicle designs, the control 
system receives programmed commands from the 
guidance system, based on acceleration time and 
altitude for a particular trajectory. In this manner, 
the altitude trajectory points are determined and 
fed into an autopilot; however, owing to bending 
of the vehicle, the true altitude is not measured 
by the autopilot’s gyroscope. In consequence, the 
control system may make false corrections, which 
lead to vehicle instability. The problem then re- 
solves itself into locating a position for the gyro- 
scope, and circuit design for the control system 
which will make the vehicle system stable. Usually 
the gyroscope is located at the point where the 
first bending frequency crosses the neutral axis 
of the vehicle. The problem becomes even more 
complex for multistage designs requiring controls 
for each stage during its period of operation. 
Space limitations do not permit a detailed dis- 
cussion of the Saturn guidance system, but the 
schematic drawing (fig. 1) gives the essentials. 


The erection and mounting 
of the Saturn first stage on 
the launching platform is 
carried out by means of a 
crane mounted on the top 
of a 300 ft high mobile 
service tower, The picture 
shows the 27ft high laun- 
ching platform with the 
enormous support and re- 
taining arms for the rocket. 
Below the platform can be 
seen the wedge-shaped de- 
flector surfaces for the gas 
stream. 
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The stabilized platform for the Saturn vehicle 
is the ST-90, previously used in the Jupiter and 
Juno II vehicles. The ST-90 platform is a three- 
axis, inner-gimbal design, which has a carrier 
ring for three air-bearing integrating gyro-accele- 
rometers. 


The associated electronics are housed in a 
separate package. To allow a large amount of 
freedom in the roll axis the platform is mounted 
on a ring which provides this freedom in the 
early part of the flight, during which the vehicle 
is roll-programmed to the proper firing azimuth. 


Since the platform does not require shock 
mounting, it can readily provide accurate angular 
displacement signals for the attitude control 
system. Three a-c gimble pick-off devices (re- 
solvers or microsyns) provide signals for the 
pitch, yaw, and roll axes. 


The ST-90 platform was selected for the follow- 
ing reasons: proven reliability through a large 
number of ballistic missile and space flights; no 
development or tooling costs necessary; accu- 


























Bird’s eye view of the 
Saturn launch pedestal 
with a circular opening for 
the escape of the engine 
gases. Around this open- 
ing there are four support 
arms and four hold-down 
arms to restrain the rocket 
until ignition of the en- 
gines. 








































racy, weight, and size acceptable for Saturn 
firings. However, since some of the later mission- 
oriented Saturn flights will require larger gimbal 
freedoms in all axes, a four-gimbal platorm will 
be developed. 


The Saturn guidance computer represents a 
considerable advance in computer technology. 
The greatest emphasis will be placed on relia- 
bility. The approaches considered most promis- 
ing for improvement of computer reliability are 
minimization of electrical connections through 
thin film and solid stage circuitry, triple modular 
redundancy, and solid state memory. 


A primary consideration in the Saturn gui- 
dance system is that there should be only one 
system, adaptable to many missions. The gui- 
dance computer is to be the most general pur- 
pose machine practical, limited by availability for 
the early flights. 


The primary purpose of the flight control 
system is to stabilize the vehicle during the first 
stage powered flight, separation, and the second 
stage powered flight. 
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This Saturn C-1 (with water-filled mockups of the two 
upper stages), the first of ten Saturn vehicles, was launched 
at Cape Canaveral on October 27th. The vehicle’s length 
is 163 ft and launch weight approximately 925,000 Ib. 
The S-I first stage carried some 600,000 Ib of fuel, or 
140 tons less than planned for the Saturn operational 
version. At take-off, the eight H-1 rocket engines, manu- 
factured by Rocketdyne, delivered 1,400,000 Ib of thrust. 
The four rigidly installed inner engines burned for 109 
seconds and the four controllable outer engines for 115 
seconds. This first trial launching was completely suc- 
cessful. 


The flight control system for the first stage 
(S-I) and second stage (S-IV) utilizes both aero- 
dynamic and thrust vectoring means for achiev- 
ing the control torques necessary for stabilizing 
the vehicle. The aerodynamic surfaces (S-I/S-IV 
interstage air vanes) provide control torques for 
stabilization during S-I/S-IV powered flight while 
in the sensible atmosphere. The air vanes are 
jettisoned approximately 30 seconds after stag- 
ing. 

In case of the S-I stage powered by eight North 
American Aviation H-1 engines, control forces 
are obtained from the lateral thrust components 
of the four gimballed outboard engines. In 
addition ,the S-I stage includes fins to achieve 
additional aerodynamic stability during powered 
flight. 


In the S-IV stage, powered by six Pratt and 
Whitney LR-115 engines, control forces are 
obtained from all six gimballed engines. Switch- 
ing the flight control computer command signals 
to the S-IV gimballed engines occurs during S-I/ 
S-IV staging. 


The S-I and S-IV stage of the Saturn vehicle 
contains, respectively, four and six, independent, 
closed loop hydraulic servo systems designed to 
eliminate the need for an external hydraulic 
source. Each system consists of two electrically- 
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controlled, hydraulically-operated actuators, a 
main pump, and an auxiliary pump. 


Each gimballed engine is positioned by the 
two actuators in response to electrical command 
signals from the flight control computer. The 
actuators are a linear, equal-area, double-acting 
piston type. 


The main hydraulic pump provides hydraulic 
fluid to operate the actuators during flight. The 
pump is operated by the engine turbopump. 

The electrically operated pump is used to 
supply hydraulic fluid during ‘‘cold” gimballing 
and checkout operations before flight. 


Fabrication of the Saturn Space Vehicle 


The largest launch vehicle in the Western 
World — Saturn — also posed the largest num- 
ber of problems yet encountered in vehicle fabri- 
cation. The Saturn developmental program re- 
quired considerably more facilities and man- 
power than were available at Marshall Space 
Flight Center. Consequently, the Center occupied 
itself with developing the fabrication techniques 
and equipment appropriate to the first stage, 
with the expectation that the techniques and 
equipment would later be used in commercial 
fabrication of the stage. The second stage was 
subcontracted to the Douglas Aircraft Company. 


The first stage of the Saturn vehicle consists of 
four 70-inch diameter oxidizer tanks and four 
70-inch diameter fuel tanks clustered to a 105- 
inch diameter oxidizer tank. These tanks are 
connected fore and aft with a second stage 
adapter and tail structure, respectively. Four 
stabilizing fins, a tail shroud, eight H-1 rocket 
engines, hydraulic and electrical controls, fire 
wall, heat shield, and flame shield comprise the 
balance of the first stage. Instrument compart- 
ments are located in the forward portion of the 
vehicle. 


Both the 105-inch diameter and 70-inch dia- 
meter tanks are conventionally fabricated, using 
basically the same methods of manufacture. The 
skin sections, made of 5456 aluminium alloy sheet 
with mill pockets for reduction of weight, are 


roll-formed and automatically welded into cylin- 
ders. The cylindrical skin sections are reinforced 
by stiffener rings spot welded to the skins. One- 
piece hemispherical bullheads, which form the 
ends of the tanks, are manufactured from 5086 
aluminium alloy plate cut to diameter and for- 
med to profile configuration by hydrospinning. 
After spinning, the bulkheads are trimmed to 
height, then chemically milled to drawing to- 
lerances for skin pattern. 


The bulkheads are positioned in both front 
and rear tank skin sections and are automatically, 
circumferentially welded to the skin. Skin sections 
are progressively positioned on a weld fixture and 
circumferentially welded together to form the 
containers or tanks. 


The tanks are positioned in a test tower for 
hydrostatic testing and for calibration and clean- 
ing. In hydrostatic testing, the tanks are filled 
with water containing a fluorescent dye and cor- 
rosion inhibiter. After pressurization, the tanks 
are held under pressure for one hour. The com- 
plete container is then checked for leaks, using an 
ultraviolet light. Calibration of the tanks is 
accomplished while the container is still filled with 
hydrostatic test water. 


With the tanks still mounted vertically in the 
hydrostatic test tower, cleaning to specification 
is accomplished by a unique process developed 
at Marshall. The tanks are cleaned by spraying 
a 10 percent detergent solution, heated to 125° F, 
through a rotating nozzle at 300 +- 50 psig. Total 
detergent cleaning time is approximately two 
hours. 


After detergent cleaning, tap water is sprayed 
through the rotating nozzle for an additional two 
hours. The container is then rinsed for one hour 
with demineralized water of at least 50,000 ohms 
specific resistance. No particles greater than 2500 
microns are allowed per square foot of tank sur- 
face area. The container is then dried for one 
hour with oil-free gaseous nitrogen or missile- 
grade air at 155 + S°F. 


Organic contamination is removed from the 
oxidizer containers by spraying 250 gallons of 


The first stage of the Saturn resting in roller-mounted carrier rings on a mobile special transport structure. The four 
rigidly installed rocket engines can be seen in the middle of the stern, as can the four swivelling outer engines. 
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trichloroethylene in the tank for approximately 
thirty minutes. 


The tail section assembly of the S-I stage is 
composed of a cylindrical barrel section, eight 
outrigger beam assemblies, and a fire wall 
assembly. The barrel is composed of formed 
corrugated aluminium alloy skins connected to 
internal thrust rings and plates shaped to con- 
tour-stiffen the necessary openings which have 
been cut for various lines and equipment. The 
outrigger beams support the eight engines, the 
stabilizing fins, and the aft end of the 70-inch 
diameter tanks. These outriggers are positioned 
to the tail barrel, optical equipment being used to 
maintain alignment for engine and tank mount- 
ing. 

The eight H-1 rocket engines, the suction 
lines, the turbine exhaust system, the Lox line 
assemblies, and the measuring control instrumen- 
tation comprise the balance of the S-I booster. 
The engines are mounted to the thrust frame 
which has been previously optically set for 
position and are located in the tail section. Such 
miscellaneous components as the heat shield, 
flame shield, tail shroud, and water quench 
systems are installed to complete the booster 
assembly. 


During the entire assembly operation for the 
booster (as in all assembly operations for rocket 
launch vehicles), alignment is of considerable 
importance; consequently, constant optical a- 
lignment checks are performed. This is necessary 
because the thrust axis must pass through the 
center of gravity of the vehicle, unless maneuver- 
ing is required. 


Assembly of the multi-stage Saturn is further 
complicated by the fact that its upper stages will 
be manufactured in plants located hundreds of 
miles apart. The stages must, of course, fit to- 
gether to form the entire launch vehicle. Not only 
must the sections physically fit, but, in addition, 
the thousands of electrical wires emanating from 
the guidance and control system located in the 
extreme forward section of the vehicle, must plug 
into the proper sockets and outlets. Failure to 
mate not only results in departure from the 
launch schedule, but costs thousands of dollars 
in wasted man-hours of the launch and the 
fabrication personnel in waiting and reworking 
the stage. Although adjustments at stage connec- 
tors and final assembly fittings are unavoidable, 
manufacturing procedures can be coordinated 
between the different manufacturers to alleviate 
much of this problem. An example of this 
coordination is evidenced by the manufacturing 
procedure for the S-IV stage which is described in 
the following article. 


Launching of Space Vehicles 


Currently available launch sites in the United 
States are Cape Canaveral, Florida, and Vanden- 
berg Air Force Base in California. The former 
site is primarily suitable for eastern, north- 
eastern, and southeastern launches, while the 
latter is primarily geared for launching polar 
orbital satellites. 


Exploration of the moon and planets can be 
easily initiated by launches from the equator; 
however, use of Cape Canaveral for the initial 
launch followed by departure from a holding 
orbit is feasible. Problems of guidance and de- 
layed ignition are difficult to solve and may be 
alleviated to a great degree by construction of a 
second launching site on the equator. Howland 
and Baker Islands, located just east of the 180th 
meridian, and close to the equator, are possible 
Sites, 


The narrow earth-access “‘belt’’ for returning 
vehicles lies outside current launch sites, but well 
within reach of a mid-Pacific site. It seems only 
reasonable to combine landing and launching 


Right: the two-stage Sa- 
turn C-1 with eight H-1 
engines in the first stage, 
six RLIOA engines in the 
second stage and _ the 
Apollo space vehicle as 
payload. This version is 
fitted with large-area sta- 
bilization fins at the stern 
of the first stage. Extreme 
right: three-stage Saturn 
C-3 with two F-1 rocket 
engines in the first stage, 
four J-2 engines in the 
second stage and six RL 
10A in the third stage. Pay- 
load is again the Apollo 
space vehicle. 


into one complex. But for present and _ near- 
future launch operations, our existing facilities 
must suffice. The Atlantic Missile Range with 
Cape Canaveral as launch site has been in use 
since the early 1950’s. It gives an excellent pano- 
ramic view of ballistic vehicle developmental 
progress from Redstone launch installations 
through to the giant Saturn launch facilities. 


The Saturn launch complex consists of a block- 
house control center, service structure, umbilical 
tower, and the pedestal. 


The Saturn control center is perhaps the largest 
type yet constructed. It has two floors enclosing 
10,000 square feet of floor space; in addition to 
2,100 square feet of storage area. It is a circular, 
domed, building, 120 feet in diameter and 26 feet 
from the floor to the dome center. The inner 
dome is made of reinforced concrete, five feet 
thick. On top is an earth fill seven feet thick in 
the center to 14 feet at the edges. The building is 
designed to withstand blast over-pressures of 
311,000 pounds per square foot. 


The first floor is used for booster and upper 
stages tracking and telemetry operations. The 
main launch operations room is located on the 
second floor. The equipment includes firing 
console, test supervision and conductor consoles, 
and various monitoring and recording panels. 


When a vehicle is erected on the launcher, a 
structural steel frame is positioned around it, 
used by the firing crew to service the vehicle prior 
to launch. The service structure for Saturn is 
mounted on standard-gage heavy duty railroad 
tracks. Four carriages, each with twelve 36-inch 
diameter wheels, roll the structure 600 feet from 
the pedestal, under its own power, at speeds of 
up to 40 feet per minute to permit noninter- 
ference at liftoff. The rails are supported by two 
foundation beams of concrete, 10 feet wide and 














































538 feet long, buried eight feet in the ground. The 
launch pad and service structure area was com- 
pacted to a depth of 28 feet using nearly 7,000 
cubic yards of back fill. 


After completion of the checkout operation, 
the service structure is rolled back. During move- 
ment, a hydraulically operated beam, between 
the carriages and the tower support points. 
equalizes the load on the carriages. Hydraulic 
cylinders are then used to jack the tower to 
transport the weight to carriages for movement 
over the tracks (the 2,800 ton structure is lifted 
two inches). 


The concrete pad upon which the Saturn 
launch pedestal rests is 438 feet in diameter. It is 
constructed of reinforced concrete, eight inches 
thick. Around the deflector, the pad is paved 
with refractory brick to protect it from heat. The 
pad’s perimeter is flumed for drainage of water 
and spilled propellant. The pedestal foundation 
covers an area of 160 x 106 feet, containing 
4,400 cubic yards of concrete, and 580 tons of 
steel is buried 9!4 feet below the pad surface. 
The fill between the pad surface and foundation 
is used for tunnels containing various utility, 
high pressure gas and fuel lines. From the 
foundation, and extending 27 feet above the 
pad, are four 7 x 4 foot support columns. To 
these columns are attached the bearing rings and 
anchor bolts for the rocket support arms. Bolted 
to the ring at the top of the pedestal are eight 
arms. Four are support arms and four are hold- 
down arms. These arms are fabricated of steel, 
and are automatically controlled during the 
launch sequence. 


The deflector below the pedestal is rail mounted 
The Saturn deflector is a 120,000-pound steel 
structure which diverts the 5,000°F jet stream 
into two opposite horizontal directions. 
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The umbilical boom is simply a large diameter 
pipe to which electrical cables are taped, which 


““nlug-in’’ the vehicle and furnish a source of 


electrical power to energize the vehicle prior to 
cutting in ‘“‘on-board”’ power sources and firing 
the engines. 


Quick connections were satisfactory for the 
vehicles developed prior to Saturn. However, 
with its development, the umbilical tower con- 
cept was conceived, and its functions increased. 
In addition to providing electrical connections, 
the Saturn umbilical tower provides hydraulic/ 
pneumatic lines to the vehicle. The tower is 27 
feet tall with growth in height to 240 feet. The 
tower is fitted with umbilical arms which swing 
out at various heights, mating with the connec- 
tions in each vehicle stage. 


In the early vehicles such as V-2, Viking, and 
Redstone, propellants were brought directly to the 
missile and pumped into the tanks. With the 
advent of bigger missiles, in particular the Sa- 





turn, with 850,000 pounds of propellant in one 
stage alone, it became evident that such a proce- 
dure would be highly undesirable. The launch 
site was designed to store and pump the pro- 
pellant from the storage reservoirs. Kerosene 
fuel for the first stage is stored in two 30,000- 
gallon tanks located 950 feet from the pedestal. 
Normally the Saturn first stage can be fueled in 
40 minutes. Liquid oxygen is stored in two LOX 
storage tanks, located 650 feet from the pedestal, 
and a six-inch line leads to the vehicle, having a 
flow rate of 2,500 gal/min. 

Erecting the vehicle upon the launch pad re- 
quires not only stable and firm bearing upon the 
pedestal, but longitudinal alignment of the 
vehicle as well. This is particularly necessary 
when considering multi-stage vehicles where 
each stage must be positioned and aligned on top 
of its succeeding stage. The Saturn offers the 
most difficult launch assembly task, with each 
stage raised on a crane located on the service 
structure, and then hoisted into position, seated 
and aligned. 


Benefits arising from launch vehicle development 

One of the most interesting aspects of large 
launch vehicle developments is the extent to 
which the national industrial complex is involved, 
drawing together the fields of electronics, metals, 


1644 INTERAVIA 12/1961 


fuels, ceramics, machinery, instruments, plastics, 
textiles, cryogenics, and many others. Con- 
sequently, the benefits of launch vehicle develop- 
ment have been felt directly or indirectly in vir- 
tually every area of the national economy. It is 
estimated that at least 5,000 companies or 
research organizations are a part of the missile- 
space industry. 


The area of electronics and electrical equipment 
is perhaps the most outstanding example of the 
immediate benefits gained from vehicle develop- 
ment programs. Micro-miniaturization, mole- 
cular electronics, and micro-modular engineer- 
ing are all terms indicating the construction of 
extremely small electrical equipment. 


The electrical power to operate the equipment 
aboard a spacecraft has great potential in the 
commercial market. One development is the fuel 
cell, which converts fuel directly into electrical 
power. Plasma jets, investigated as a source of 
rocket thrust, can be used as a conductor of 


The mammoth Nova 
rocket, so far the largest 
space vehicle booster pro- 
jected, with eight clustered 
F-1 engines (total thrust 
5,500 tonnes) and three 
further stages with liquid 
hydrogen powered rocket 
engines. Yet again the 
final stage is the Apollo. 


electricity and, when used as a ““magnetohydro- 
dynamics” generator, has a variety of appli- 
cations. Some day, it may prove an economical 
power source. Currently ten municipal areas are 
considering experiments with electrical power 
from this source. It has been estimated that, as 
much as one million watts could be generated by 
shooting a stream of plasma at Mach 3 through 
a magnetic field three feet long with the magnetic 
poles six inches apart. 


The field of high-speed digital computers has 
been developed as a direct result of requirements 
from research in both nuclear physics and rocket 
development. The trend in size, weight, and 
volume reduction is marked. 


The ceramics and glass industries have also 
benefitted from the discoveries made during 
rocket vehicle development. Pyroceram, de- 
veloped for radomes, is currently used to make 
pots and pans. Light-weight, unbreakable glass 
is used for food containers and for fabrics. The 
plastics industry has progressed even further in 
developing new materials for rocket vehicle 
application. Among the many plastics developed 
is polyethylene, used for packaging everything 
from food stuffs to chemicals. Polyurethane, 
originally developed by I. G. Farben as a sub- 
stitute for nylon, has been adapted to solid pro- 


pellants, automobile tires, fabrics, and seat 
cushions. 

Film-resistance thermometers or tape-recorded 
electrocardiograms are a few of the tools made 
available for medical research. Miniaturized 
electronic equipment can be used to telemeter 
the critical physiological data on hospitalized 
patients to a centralized control panel, thus 
eliminating observation by a nurse or disturbance 
of the patient, while maintaining unimpeachable 
records of the patient’s condition. 


Medical research may also be aided by bio- 
logical findings from the Mercury and Apollo 
programs, including studies of the re-use and 
recycling of water (including sea water), to make 
it suitable for human consumption. These studies 
may lead to practical industrial methods of re- 
moving valuable elements from sea water. 


The vehicle development programs have 
resulted in a number of new metallurgic pro- 
cesses and materials. Titanium for example, long 
considered an exotic material that could be pro- 
cessed only under heat, can now be “cold” 
worked without destruction of the metal’s phy- 
sical properties. Welding of aluminum, long 
considered difficult if not impracticable, is now 
done continuously by machines especially de- 
signed for vehicle fabrication. 


It is possible to list hundreds of tangible items 
that have been developed as a direct result of 
space work. 


The field of navigation will be greatly aided by 
use of the Transit satellite. Satellite communi- 
cation (illustrated by Echo and the future ‘‘24- 
hour” satellite) will permit development of long- 
distance earth-leased communications for both 
telephone and television. Pioneer V, for example, 
proved the feasibility of extended, long-distance 
communication by successfully sending ‘“‘read- 
able” signals across a distance of 23 million 
miles. 

The demand for trained personnel to use the 
data gathered from space exploration and to 
design and build the space vehicles of the future, 
should result in a massive stimulation of the 
national educational system! Every field of 
human knowledge will expand, as new facts, new 
theory, and new techniques are developed. 


The present trends in launch vehicle develop- 
ment have crystallized in response to the needs 
of an ever-expanding space research program. As 
payload-carrying capabilities constantly increase, 
vehicles grow constantly more reliable. As we 
improve the probability of mission success, we 
simultaneously reduce the cost per pound of pay- 
load. In illustration, payload cost for the Van- 
guard was about one billion dollars per pound. 
For future payloads, the cost will be in the order 
of one thousand dollars per pound. When pay- 
load costs are reduced to about one hundred 
dollars per pound, wide-scale commercial use of 
space can be expected. One step toward payload 
cost reduction is the application of solid-pro- 
pellant motors to launch vehicles. Still another 
step is the possibility of recovery and re-use of 
liquid-propelled boosters. 


As our investigations continue, as our re- 
search probes ever more deeply into the environ- 
ments around us, we receive a constant stream of 
unexpected byproducts from our development 
programs. At the same time, our horizons are 
expanding inexorably outward. With increasing 
payloads and increasing vehicle reliability, we 
are progressing toward man in space, man on the 
moon, and, possibly, man on the planets. 


Why should man go to these places? 


Our best answer may be, after all, quite simple. 
We are going outward to these places for the 
good and sufficient reason that they are there. ++ 








The 
Saturn Rocket's 
Second Stage 


Wren, some two years ago, NASA 
assumed responsibility for the Saturn project, 
three versions of this American carrier rocket 

the largest to date—were on the pro- 
gramme. These were the C-1 three-stage ver- 
sion, the C-2 four-stage version, and the C-3 
five-stage version, each increment being 
achieved by the addition of another “‘storey.” 


ballast. 


Sik hae sige ReTee Tey 


Mock-up of the S-IV second stage at the Marshall Space Flight Center. The enormous dimensions are partly explained 
by the large space required by the liquid hydrogen, the specific weight of which is only 1/14th of that of water. In ex- 
perimental launchings of the Saturn first stage, the weight of the second stage is increased to 50 tons by means of a water 





As the following article shows, although the 
Saturn programme has meanwhile been ahh 
radically altered, the S-I first stage and S-IV ee eS oe 
second stage of the Saturn C-1 have not CS oe Pa 
undergone any far-reaching modifications. i 
Whereas, in the case of the S-I first stage, 
NASA itself undertook not only the pre- 
liminary studies, but also the development 

















and production, the second stage was put out 
to tender. 


There were eleven entries to the NASA 
design competition, which was won in April 
1960 by the Douglas Aircraft Company. 
July 1960 saw the signing of the $68 million 
development and 


contract, covering the 
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Diagram of the Saturn S-1V second stage: 1 





engines; 
2 — interstage fairing of junction to first stage; 3 — tank 
separation bulkhead; 4 — tank wall; 5 - drainage nozzle; 
6 — lower tank dome; 7 — heat screen. 


A welding unit of unusual 
design is used to bond the 
six domes of the fuel tank. 
Below the rigid welding 
torch revolves an electroni- 
cally controlled supporting 
fixture with a total weight 
of 12.5 tons. The almost 
vertical platform alone 
weighs 2.5 tons. It carries 
an axially revolving frame 
on which the individual 
segments are mounted. 
After each weld, which 
requires five minutes to 
complete—from the apex 
to the base—the frame 
turns a further 60°. To 
avoid thermal stresses, the 
frame is made from the 
same aluminium alloy as 
the dome. 










Technical data 





NE ah 5. a ate = 8 Qe SO aoe 41 ft 6 in 
SI hikes SOY GLAD a~ ek CA el aee 18 ft 4 in 
PE gg Brae de fer A ew oe ke eee 11,502 Ib 
RE is a rears Knee cares a Ee LH, and LO, 
ET FUE ioigb oe eo dk ee a Oe 100,000 Ib 
| a a 6 Pratt & Whitney RL-10A-3s 
total thrust atsealevel .......... 90,000 Ib 





construction of ten S-IV stages. Production 
is the responsibility of Douglas’ Santa Monica 
Division, and static acceptance runs will take 
place on the Sacramento range. The first 
launching of Saturn with live second stage is 
programmed for 1963. A further similar trial 
will be followed by three launchings, in 
which mock-ups of the Apollo vehicle will 
be placed in earth orbits. The contents of this 
article are in part based on a paper dealing 
with the S-IV programme which Lewis H. 
Abraham*) presented to the Twelfth IAF 
Congress, Washington, on October 6th. 


Although considerably smaller than the 
first stage, the dimensions of the S-IV are 
hardly less impressive, namely height 41 ft, 
diameter 18 ft. The overall height of the 
Saturn S-1 is 162 ft, which is roughly that of 
an eighteen-storey house. When filled with 
propellant, the Saturn C-1 weighs nearly 
1,000,000 Ib, some 110,000 lb of which is 
accounted for by the S-IV second stage. The 
S-IV is to serve as third stage in a further 
developed version of the Saturn. 


The new S-IV second stage, with its six 
Pratt & Whitney RLIOA-3 rocket engines 
each delivering 15,000 Ib of thrust, consti- 
tutes, in the words of Dr. Wernher von 
Braun, “‘a radically new rocket.” The pro- 
pellant which the engines burn is a high- 
energy combination of liquid hydrogen as fuel 
and liquid oxygen as oxidiser. The extremely 
low temperature of liquid hydrogen, was one 
of the most difficult problems confronting 


*) Chief, Space Strength Section, Douglas Aircraft Co. 
Missiles and Space Systems Division. 
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the materials experts and designers, since 
there was no experience from which the be- 
haviour of container materials under the 
combined stresses of changes in temperature, 
vibrations, and internal pressurization could 
be derived. 


Mechanical stresses alone did not raise 
any particularly new problems. Calculations 
of required resistance are based primarily on 
loadings resulting from ground winds (on the 
launch platform), internal pressurization, and 
engine thrust. Gusts, wind shears, and course 
correction induce additional loads. When- 


Douglas suggests that a Douglas C-133 could carry the 
second stage to Cape Canaveral in piggyback style. This 
method would offer the advantage of speed in comparison 
with transport by sea. 
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A view of the Douglas 
rocket testing site in Sac- 
ramento, California. The 
liquid hydrogen for the 
S-IV engine tests is stored 
in 35 ft diameter spherical 
tanks with a capacity of 
90,000 gals. Highly reflec- 
tive covering plates and 
double walls with an in- 
sulating sandwich layer 
prevent perceptible heat 
transfer at a temperature 
differential of about 270°C. 
On the right is one of the 
two test stands for the 
Saturn’s second stage en- 
gines. 


A new laboratory for ex- 
periments with liquid hy- 
drogen has grown up on 
the Douglas site at Santa 
Monica. Installed for test- 
ing material at extremely 
low temperatures, this fa- 
cility is equipped with 
three vacuum insulated 
tees storage tanks with a capa- 
a as city of 14,000 gals of liquid 
pinks hydrogen. This laboratory 
cost $450,000. 


ever possible, ground handling equipment 
has been so designed that the primary struc- 
ture was not compromised by loads resulting 
from transporting, handling, or erecting. An- 
other difficulty of design is the requirement 
that the container must be optimum, i.e. as 
regards minimum weight, for two basically 
different stresses. In other words, it must 
withstand the combined stresses referred to 
earlier in this paragraph when in flight, and 
sustain other loads—e.g. axial loads—during 
ground operations, without the stabilizing 
effect of internal pressurization. 


The overall structural arrangement of the 
Saturn §-IV booster stage is shown in the 
sectional diagram, from which it will be seen 
that the body is divided into four sections, 
namely forward interstage, propellant tanks, 
aft skirt and interstage, and thrust structure. 
The forward interstage structure is used to 
support the payload or upper stage vehicle. 
The propellant tank is divided by a dome- 
shaped bulkhead, which also acts as an in- 
sulator, in order to protect the “warmer” 
liquid oxygen from freezing. The thrust 
structure serves for the transmission and uni- 
form distribution of engine thrust loads, 
whilst the aft interstage mates the S-IV to the 
lower stage thrust structure. As long as inter- 
nal pressurization is absent in the propellant 
tank, there is the risk of deformation under its 
own weight. In order to make the propellant 
tanks self supporting during ground oper- 








ation, integral stiffening by waffle sheet was 
adopted, a design which proved extremely 
satisfactory in the case of the Thor. The 
waffle pattern afforded a weight saving of 
approximately 30 percent over a monocoque 
cylinder. The stiffening is so designed that 
about 85 percent of the waffle weight is effec- 
tive in restraining internal pressure. The 
45° angle selected for these tanks was not 
quite optimum, but the difference in buckling 
coefficient over the optimum value was minor 
and the loss was more than offset by ad- 
vantages in manufacture. 


After machining the waffle pattern and 
forming, the sheets are jigtrimmed and 
welded by an automatic process to form a 
cylinder. To reduce stress in the weld and 
heat-affected zone, additional material is 
provided at the weld seams during the 
machining process. 


The upper and lower hemispherical domes 
are built of quarter inch plate. The welding 
of these bulkheads, which are 18 ft in dia- 
meter and each consist of six segments, re- 
quires a considerable effort (see picture 
p. 1645). The welding machine, developed by 
Sciaky Brothers, consists of an electronically 
controlled welding fixture (weight 1214 tons) 
and a fixed welding torch. A rotating plat- 
form carries the dome-shaped segments at a 
regular speed under the torch. A complete 
welding process from apex to base of the 
dome lasts about five minutes. To save weight 
and avoid heat stress, the clamp is of the 
same aluminium alloy as the part to be 
worked. 


The common bulkhead, which is of sand- 
wich construction, also provided an interest- 
ing design and manufacturing problem. The 
two faces of the bulkhead are formed from 
lg in sheet in a manner similar to the forward 
and aft domes and pressure-bonded to a 
honeycomb core in an autoclave. The result- 


After the second stage S-IV has been transported to Cape 
Canaveral comes the final and difficult phase of transport 
to the launch site and erection on top of the Saturn first 
stage in the launcher. A special vehicle takes the S-IV to 
the launch platform, where it is raised to a vertical posi- 
tion on a support ring by means of a cable winch. The 
gantry crane on the servicing tower then positions the 
S-IV a few inches above the first stage. After precise 
axial alignment has been achieved, the S-IV is attached 
to the first stage by means of special bolts. 
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For testing engines and their fuel systems on the Sacramento test site, Douglas uses a ‘‘Battleship” tank which can with- 
stand any pressure shocks which might occur in the fuel tanks with frequent ignition and stopping of the test engines. 


ing sandwich possesses not only good in- yet have acceptable insulation properties 
sulation characteristics but also increased necessitated many and varied tests. 
resistance to buckling (when pressurised on To investigate the behaviour of fuels and 
one side only) than an equivalent weight components at extremely low temperatures, 
monocoque dome. the Douglas Aircraft Company set up its 
Another problem to be solved was that of | own liquid hydrogen laboratory at Santa Mo- 
the external insulation required for the pro- nica, with facilities including altitude cham- 


pellant tank. To find a material which would _ bers, and test equipment for flow, leaks, 
stand up under the extreme thermal shock _ vibration, and thermal shocks. To determine 
imposed by contact with liquid hydrogen and __ the tensile strengths of welded aluminium 


Wiis solid propellant rockets acquired im- advocate of solid propulsion on military grounds, 
portance in World War II as tactical missiles and was the necessary funding gradually accelerated. 
launch-assist boosters, research interest in the Further impetus came from a directive of Pre- 
post-war period centred on liquid propellant sident Kennedy, who decided early in 1961 that 
rockets. This was sparked off by the thriving work there should be an all-out effort towards the 
at Peenemiinde, which was to become the basis development of a manned spacecraft suitable for 
for the advances made in both the Soviet and landings on the Moon, and that, the advantages 
American camps. and disadvantages of solid and liquid propellants 

Except in the case of Scout, a relatively small in the various stages of the carrier vehicle should 
rocket, the first stages of all American carrier be carefully assessed. On the organizational side, 
vehicles are liquid propellant rockets. Of the 61 NASA and the US Department of Defense 
American space vehicles successfully launched agreed that the US Air Force should take over 


up to the time of going to press, Scout was respon- the technical direction of the development of 
sible for putting only two into orbit. And Saturn high-thrust, solid propellant rockets, with NASA 
and Nova, the two giants currently under develop- to work out certain basic specifications for their 


ment, are based exclusively on liquid propellant employment outside the military sector. 
powerplants, at least under those programmes 
which already exist in firm outline. 

Soon after NASA’s formation in October 1958, 
one of its departments began to investigate the All the same, those sections of the Industry 
Suitability of solid propellant rockets for carrier participating in this field feel themselves seriously 
vehicles and-to award the first study contracts to neglected and point to the quick and successful 
the Industry. Although these, as well as later creation of the Pershing, Polaris and Minuteman 
analyses, yielded thoroughly satisfactory results, long-range missiles in justification of their atti- 
development, to begin with, was not forced. Not tude. United Technology Corporation, for in- 
until pressure came from the US Air Force, an stance, in a report made to Congress in March 


The Industry Complains 
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and titanium plates and of metal-to-metal 
bondings at extremely low temperatures, 
components are dipped into liquid hydrogen 
(boiling point—423°F) and submitted to 
60,000 Ib force in either direction. During 
flow-rate tests, up to 2,000 gallons per minute 
of liquid hydrogen flow from the three 14,000 
gallon vacuum insulated storage tanks through 
a system of super-insulated circuits to the test- 
stand. 

For static runs and testing the fuelling 
system, the test site at Sacramento had to be 
extended at a cost of more than $2 million. 
The test-stands needed enlargement and two 
new spherical liquid hydrogen tanks of 35ft 
diameter and 90,000 gallons capacity had to 
be installed. The engine test stand for the six 
clustered engines led to some headaches, since 
the exhaust jets are located in a vapour- 
vacuumised space simulator. The transport 
of the finished stage is also a source of con- 
siderable difficulty. The provisional plan is 
for transport by ship from Sacramento to 
Cape Canaveral, which takes 24 days, where- 
as the alternative of transport by air would 
be a matter of only 10 hours. Loaded piggy- 
back fashion on a US Air Force C-133, the 
S-IV could be protected by two glass fibre 
coverings. Mounting the rocket on the fuse- 
lage would not present any difficulties. The 
method has proved entirely satisfactory in 
wind tunnel tests, but the C-133’s existing tail 
plane would have to be fitted with vertical 
fins at the tips to improve longitudinal sta- 
bility, as is shown in the picture. 

Douglas is also responsible for the assembly 
and pre-launch tests at Cape Canaveral of the 
Saturn second stage. ++ 


Solid Propellants for Large Rockets 


of this year, complained strongly: ‘Fortunately, 
the successes experienced in the Pershing, Polaris, 
and Minuteman programs have given impetus, 
too long delayed, to the consideration of solid 
propellant rockets for large space flight vehicles. 
There is ample evidence that clearly indicates 
that solid propellant rockets in the multimillion 
pound thrust class can be delivered within the 
same time scale as the large liquid propellant 
rocket systems currently under development. 
... Historically, the concern over the “‘state-of- 
the-art” of solid propellant technology has been 
really a ‘“‘state-of-mind’ of individuals and 
groups usually with little direct experience in the 
development of large solid propellant rockets. 
Based on the solid propellant technology exist- 
ing in the early 1950s, development of Polaris 
and Minuteman size rockets could have been 
accomplished perhaps two years earlier if the 
proper ‘“‘state-of-mind” had existed. The true 
‘state-of-the-art’ was perfectly adequate. Today 
we are faced with a similar situation in that we 
must direct our “‘state-of-mind’’ to the fact that 
large solid propellant rockets can be and should 
be developed at once for use in our space flight 
program.” 
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Segment cases for solid propellant rockets in production 
at Aerojet-General Corporation’s Sacramento facility. 
This picture shows giant lathes engaged on the final 
machining of segments with a span of 814 ft. Develop- 
ment of these motors is part of the US Air Force’s long- 
term programme and is expected to lead to the manu- 
facture of carrier rocket first stages with several thousand 
tons thrust. 


Admittedly, the “‘self-interest’’ of the concern 
in question underlies all these arguments and, in 
the struggle for important development contracts, 
it has become customary to bring one’s heavy 
artillery to bear. It is, nevertheless, undeniable 
that in their space research the Americans are to- 
day experiencing one, albeit very serious, handi- 
cap, namely the lack of high-thrust rockets. 

It is, of course, expensive to let development 
work go ahead on parallel lines, but it is also 
very risky to make the final choice at too early a 
stage. As the US Deputy Defense Secretary, Ros- 
well L. Gilpatric, recently announced to Con- 
gress, no clear-cut choice between liquid and 
solid should be expected before 1964. By that 
date, solid propellant engines exceeding 1,000 
tons in thrust could, in the view of the industrial 
concerns involved, be ready for flight testing. 


The Pros and Cons 

The essential advantages of solid propellant 
rockets may be accepted as being well known. 
Their simple construction gives them a favourable 
mass ratio and a high degree of reliability. They 
do not feature those complicated turbines and 
pumps, valves, injection systems and control 
systems which are indispensable to the liquid- 
propellant variety; indeed, many solid propellant 
rockets have no moving parts whatsoever. They 
can also be stored for long periods and are im- 
mediately ready for launch. As a result of the 
higher specific weight of solid propellants, as 
compared with high-energy liquid propellants, 
volume is reduced, a fact which can be of capital 
importance in the case of large rockets. There is 
one major disadvantage to be set against these 
qualities, namely the relatively low specific im- 
pulse of solid fuels. To take an example, the 
specific impulse of ammonium perchlorate with 
aluminium-based additives is around 280, whereas 





This view inside a rocket motor segment built by Aerojet- 
General clearly shows the combustion chamber profile. 


Static firing test carried out by Aerojet-General’s engineers on August 26th, 1961. The picture shows the rocket at the 
millisecond of ignition; fractions of a second later, the 46-ft long motor developed half-a-million Ib thrust. Combustion 
period was 87 sec. 
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kerosene with liquid hydrogen reaches 320 and 
liquid hydrogen with liquid oxygen 430. This 
comparison is based on a combustion chamber 
pressure of 1,000 p.s.i. and gas flow into a va- 
cuum. Various other arguments which have for a 
long time been pitted against the solid propellant 
motor can no longer be sustained. A number of 
solutions are available for thrust vector control, 
including swivelling nozzles, small control 
rockets, jet vanes, jet avators and lateral 6penings 
in the thrust nozzles, through which liquid fuels 
are injected into the expansion gases under high 
pressure for the purpose of generating an asym- 
metrical shock-wave. Exact stipulation of burnout 
may be superfluous in the first stages of carrier 
vehicles, but devices similar to those which have 
proved themselves in the Polaris, Pershing and 
Minuteman long-range missiles, can be provided 
if necessary. The static test runs recently under- 
taken at United Technology and Aerojet-General 
extended to over 80 seconds, a combustion period 
which has been calculated as optimum for first 
stages. 


Propellants 


The last few years have seen breakthroughs in 
the field of propellants. Many of the latest solid 
fuels contain rubber-type polymers, including 
polyurethane, polysulphide, polystyrene, and 
polyethylene. By various additives their combus- 
tion characteristics can be considerably improved. 
The demands made on solid propellants are very 
high; they have to burn with low flame tempera- 
ture, must be elastic yet solid, generate large 
quantities of gas of low molecular weight, retain 
their mechanical and chemical properties over 
a wide range of temperatures, ignite easily, and 
be such as to permit reliable quality control at 
the production stage (see also Dr. K. Klager: 
Solid Rocket Propellants, /nteravia 6/1961, page 
813). Last but not least, price is a major factor. 
As far as production processes are concerned, the 
so-called continuous-mix system, introduced by 
Aerojet-General in March 1960, for the pro- 
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duction of Polaris engines, represented an im- 
portant advance over the earlier batch-mix pro- 
cess. Continuous mixing reduces the danger of 
explosion, is cheaper, and allows a continuous 
quality control of the product. As T.E. Myers 
Vice-President and General Manager of Rocket- 
dyne Solid Rocket Division, recently announced, 
the propulsive properties of today’s solid fuel 
could be considerably enhanced by the addition 
of beryllium. Formerly, one fought shy of this 
light metal as an additive on account of its 
poisonous nature. 


A Key Question 

Tempting as solid propellant may be in many 
aspects, one major problem is still unsolved. 
Carrier rockets of manned space vehicles must 
be provided with a reliable rescue system, which 
in case of danger separates the manned capsule 
from the carrier rocket in a split second and drops 
it by parachute. This demands a sophisticated 
warning system, which immediately registers 
every fault spelling danger for the occupants of 
the spacecraft and triggers off the jettisoning of 
the capsule. Faulty combustion, for example, may 
lead to sudden explosion of the rocket. It is of 
course relatively easy to monitor the working of 
a liquid propellant engine, since instruments for 
the measurement of pressures, flow quantities, 
speed, temperatures etc. can be installed in the 
various ducts. In the case of solid propellant 
rockets, on the other hand, the problem is in- 
comparably more difficult, and recourse must 
probably be made to measuring combustion 
chamber pressure. 


Rockets as Merchandise 


One factor which may one day help to settle 
the “‘liquid V. solid’’ first stage issue is logistics. 
Convincing proof has already been given by the 
latest developments of Aerojet-General, United 
Technology, and the Lockheed Propulsion Com- 
pany (until recently Grand Central Rocket) that 
solid propellant engines can be segmented, i.e. 
divided into relatively manageable components. 
These segments are produced, tested, and trans- 


Assembly on the test stand of the motor shown above. A 
mobile crane is lifting the centre segment off the trailer 
and will place it on the nose section. The segments are 
joined by circular flanges, which are bolted together by 
hand. 













































United Technology Cor- 
poration has developed the 
conical motor concept. The 
conical design ensures that, 
even in very long motors, 
flow in the combustion 
chamber is uniform. In a 
static test on August 5th, 
1961, this three-part motor 
operated for 80 seconds 
and produced 250,000 Ib 
of thrust. 


ported separately and not assembled until they 
are on the launch platform. The significance of 
this unit construction principle for the transport 
aspect alone, not to speak of all its other advan- 
tages, is shown in the study* made by two Aero- 
jet-General engineers, the most important results 
of which are summarised below. 

The plants producing solid fuel motors lie 
without exception in the west of the USA, whilst 
Cape Canaveral is the most likely site for launch- 
ing of manned space vehicles. To bridge the 
distances which, in some cases, amount to several 
thousand miles, four primary modes of transport 
are available, namely air, rail, road, and water. 
Each mode has inherent characteristics and limit- 
ing parameters which determine the maximum 
extent of its transportation capability in terms of 
dimensions and weight of merchandise. In the 
case of ground transport, these are maximum 
wheel pressures, the load limitations of bridges, 
the width and height of tunnels and under- 
passes, the profile of the railway system, and 
official regulations concerning the forwarding of 
bulky and explosive merchandise. As regards the 
air, limitations are the size of the largest available 
transport (the Douglas C-133) or its maximum 
payload, if one is prepared to entertain piggy- 
back transport. Even in the case of water, espe- 
cially inland waterways, certain insurmountable 
obstacles arise, storage space in vessels and load 
capacity of shore cranes, for example. Another 
point is that the premises where propellants are 
produced do not usually lie near a jetty, but tend 
to be located in rather dry areas, away from large 
centres of population. This means that some land 
transport is inevitable, even if it is only a matter 
of a short haul. 

On the main railway routes in the USA, seg- 
ments of up to 140 in. in diameter and 250,000 Ib 
gross weight can be transported on normal flat 
cars. Segments up to 185 in. diameter and 120 in. 
*) W.H. Hix and E.W. Bolster: Logistic and Launch 
Requirements for Large Solid Boosters. American Rocket 


Society, Space Flight Report to the Nation, New York, 
October 1961. 






































long could be carried by train from the factories 
to the Atlantic Missile Range or, as the case may 
be, to the Pacific Missile Range, provided the 
length of segment is reduced. The segments 
would then be loaded so that the length of the 
segment, now the shorter dimension, lies across 
the width of the flat car, and the only limit to dia- 
meter is the height of the railway profile (bridges, 
tunnels, stations, etc.). Many existing highways 
and railways can carry loads of up to 500,000 Ib, 
but suitable vehicles are not available. Loads of 
up to 1,000,000 1b and 288 in. diameter can gener- 
ally be brought by land vehicles to the nearest 
waterway, but at this point the need for specially- 
built vehicles, lifting equipment and so on, will 
arise. Some reconstruction of existing approach 
roads likewise appears inevitable. For compara- 
tive purposes, the limits on payload in the Dou- 
glas C-133 are 116 in. diameter and 85,000 Ib 
weight. 


Assembly — How and Where 


A considerable degree of segmentation of the 
rocket combustion chambers is also advisable 
bearing in mind the equipment on the rocket 
range. In assembling segments on the launching 
platform, for example, it is possible to manage 
with a crane of 135 tons. Whilst certainly the 
most economical assembly method, this results 
in blocking the launching platform for a whole 
month. If the complete motors are simply 
clustered, the platform is occupied for only a week 
but, again, an 800-ton crane is required as well 
as additional equipment for the assembly of the 
segments in a nearby assembly space. If the 
finished carrier rockets are brought to the launch- 
ing platform, only three days are needed for 
completing launch preparations, and the 800-ton 
crane can be dispensed with. 


For the transportation of the carrier rockets 
from assembly to the launching platform, Aero- 
jet suggests a new kind of vehicle (the ‘‘Aero- 
pad’’) which can carry ultra-heavy loads over 
ground with a low load bearing capacity. This is 
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a kind of hovercraft, water being pumped under- 
neath the flat floor at a pressure of 7 p.s.i. Flexible 
seals around the periphery control water leakage. 
The vehicle therefore floats, as it were, on a 
basin which it constantly carries with it. It could 
be driven by a winch, a tractor or an endless 
cable. The “‘road’’ would have to be smooth, but 
need only have a load capacity corresponding to 
the water pressure, i.e. about 7 p.s.i. This method 
of transport is feasible only where distances are 
short (5—10 miles). 


Segmentation Saves Money 
The advocates of segmentation advance many 
other arguments in its favour. Even carrier 
| rockets of the Nova class could be produced by 
methods much the same as for the Minuteman 
engines. The development costs could be appre- 
ciably reduced, since static tests and other ex- 
periments could be carried out using individual 
segments or groups of a few segments instead 
of whole motors. Quality control would also be 
considerably simplified. Finally, there would be 
a reduction in the financial risk involved in trans- 
porting delicate engines, since it is clearly much 
cheaper to replace a damaged segment than an 
entire engine. 


Connecting Elements are the Snag 


Those in favour of the unsegmented ‘‘mono- 
lithic’’ method of construction do not attempt to 
deny these convincing advantages, but point 
rather to the practically only weak spot in the 
sectional construction concept, namely joining 
the segments together. The stresses on the con- 
necting elements increase with the thrust of the 
motor, on top of which are the stresses made by 
vibrations and differences of temperature. It is 
thus no wonder that the engineers focussed their 
interest on these elements. Commissioned by 
NASA or the USAF, United Technology, Lock- 


Full-scale mockup of a cross-section of a solid 
propellant motor designed by Thiokol Chemical Cor- 
poration. The motor in question is 63 ft long and would 
produce an average thrust of 2,400,000 Ib during 82 se- 
conds burning time. 












































































Scale model of a 370 ft tall Nova class carrier-vehicle 
designed by Thiokol, capable of transporting a manned 
space vehicle to the moon. The first stage consists of eight 
segmented solid-propellant motors (clustered), each 
producing 2!4 million Ib thrust. The diameter of each 
motor is 160 in. Other variations studied by Thiokol: four 
engines each 240-in diameter, and producing 5 million Ib 
of thrust a—piece, or again, one giant motor 28 ft in 
diameter producing 20 million lb of thrust. Development 
time on all three engines is calculated at 2 years. 


heed Propulsion Co. and Aerojet-General exa- 
mined various kinds of joints, a few of which 
were finally selected for bench runs. They worked 
perfectly. Although the few tests carried out do 
not allow of any final judgement, the encourag- 
ing results justify the assumption that the develop- 
ment of reliable connecting elements does not 
constitute an insuperable obstacle to engines of 
considerable higher thrust. 


The supporters of unsegmented engines want 
to avoid the problem of transportation by manu- 
facturing the engines on floating platforms, which 
could at the same time serve as static test stands. 
If they could not be produced in the immediate 
vicinity of the rocket range, the unwieldy en- 
gines would be loaded on special vessels which 
could be half-flooded, rather like a floating dock. 
In this way, rockets weighing hundreds of tons 
could be loaded without using hoists. On the 
launching platform, which would of course have 
to be accessible to large ships, the procedure 
would be reversed. With the successful test runs 
of segmented engines, this idea seems at present 
to be prevailing, particularly as no concern yet 
has the equipment available for the manufacture 
of solid propellant rockets, say, 70 ft in length 
and 15 ft in diameter which would contain some- 
thing like a million pounds of fuel, whereas 
segmented engines of these dimensions could be 
produced by available and proven means. 


It is an interesting fact that the Thiokol Che- 
mical Corporation, previously in favour of un- 






segmented engines, recently published designs of 
segmented motors for the Nova first stage. 


Cylinder versus Taper 


Opinions differ on the profile of the combus- 
tion chamber and the shape of the segments. 
Aerojet-General and Lockheed Propulsion Co. 
are working on circular cylindrical segments 
producing a star-shaped combustion chamber. 
In June 1961, on behalf of NASA, Aero- 
jet carried out preliminary experiments with 
miniaturized versions of a three-sectioned motor 
with a diameter of 100 in, which developed some 
500,000 Ib of thrust. In August, a four-sectioned 
motor with the same diameter underwent bench 
tests, during which the centre casing and other 
parts of the earlier motor were used. Aerojet 
hopes to test another 1,000,000 Ib thrust engine 
before the end of the year, and this one will also 
include ‘“‘secondhand”’ casing components. 


United Technology Corporation engineers also 
originally studied cylindrical segments, but at the 
end of 1959 decided on tapered combustion 
chambers. Whilst conceding that cylindrical 
segments are more easily transported, they em- 
phasize that longer rockets require variable 
geometry in the combustion chambers, since the 
flow section must increase in the direction of the 
nozzle. Thus, the advantage of sectional construc- 
tion would be lost. It is impossible to segment the 
propellant charges and house them in an un- 
segmented casing because of the sensitivity of the 
propellant grains which cannot be moved with- 
out a protective cover. On the other hand, it has 
been proved that a small taper angle is sufficient 
to guarantee a uniform gas velocity. In this way, 
it is possible to keep the wall strength of the pro- 
pellant charges constant along the entire motor. 
The tapered shape has the disadvantage, how- 
ever, that the exterior diameter varies from seg- 
ment to segment. United Technology states that 
the production costs increase only by five per- 
cent, even in the case of small series. 


The Hercules Powder Company recently 
created a stir with a counterproposal to segment 
construction. The Company showed models of 
carrier rockets, the casings of which would be 
wound from glass fibres on the launching plat- 
form. One of the proposals provides for a 150 ft 
high solid motor with diameter of 38 ft, which 
would deliver 20 million Ib thrust and have a 
combustion period of 120 seconds. The propellant 
charge, weighing about 10,000,000 Ib would be 
housed in 108 blocks. The conception is a daring 
one. For the time being, however, there are no 
clues as to the behaviour of the propellant charge 
not to mention a host of other unsolved problems. 
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Seeing all these projects, one instinctively asks 
how far the course of development will lead in 
terms of dimensions. Recent serious studies deal 
with carrier vehicles with thrusts of up to 150 
million lb which could carry manned space ve- 
hicles weighing tens of tons to the nearest planets. 
Fantastic as these projects may seem today, we 
must not forget that twenty years ago a Saturn 
would have smacked of space fiction. + 








Survival in Space 


Wiaitst, among the unmanned satellites, Sput- 
nik I and Explorer I performed useful work and 
radioed valuable measurements to Earth, in his 
first spaceflights man was little more than a 
subject of experimentation. Only gradually will 
he reach the stage of being able to fulfil those 
tasks which a machine cannot perform at all, or 
at the best performs very inadequately, such as 
making decisions, carrying out observations, and 
executing repairs. 


It is not the first time that man has forsaken his 
allotted habitat. Daring men ballooned into the 
stratosphere or dived in submarines hundreds of 
fathoms under the sea, others crossed the Ant- 
arctic in the quest of the South Pole or navigated 
in nuclear-powered submarines under the polar 
ice. And, fundamentally, every passenger in a 
modern aircraft spends a number of hours out- 
side his natural habitat. 


And so the necessity of maintaining an artificial 
climate inside a cabin is not a new one. In the case 
of a space vehicle, however, problems are met 
which do not arise with either a jet aircraft or a 
submarine: 


— the absence of any medium which could be 
used for propulsion or in the life support 
system cycle; 
new environmental influences, e.g. cosmic 
radiation, reduced magnetic fields, meteor- 
ite storms; 

- re-entry into the Earth’s atmosphere; 

- weightlessness. 


On top of this, the farther his distance from 
Earth, the more the astronaut is, for good or ill, 
at the mercy of the reliability of his vehicle. On 
the other hand, in the case of malfunction, an 
aircraft can often make an emergency landing in 
a matter of minutes,and a submarine surface in 
the same period. 


Screening against Radiation 


Although most of the Earth satellites so far 
launched have undertaken radiation measurement 
of some kind, we are still far from a comprehen- 
sive picture of the radiation spectrum—this is 
true even of inner space. Whilst cosmic radiation, 
that is, radiation emanating from a_ great 
distance, was formerly regarded as the arch-enemy 
of future astronauts, the investigations of the last 
four years have led to the discovery of unexpected 
and much more dangerous factors. The best 
known of these are, of course, the two Van Allen 
radiation belts round the earth; the inner, or 
proton, belt must be regarded as the critical one. 


As regards proton clouds, caused by strong 
solar eruptions, scientists are still fumbling in 
semi-darkness. Many contradictory theories 
exist as to how these clouds arise and spread. 
Reliable screening seems feasible only at a great 
cost in weight. Although periods of low solar 
activity are predictable, this method is still 
uncertain and will not work where the space 
journeys are of long duration. During German 
Titov’s seventeen orbits round the Earth, for 
instance, a network of Soviet observation stations 


was constantly trained on the Sun, in order to 
ensure notice of an imminent eruption. These 
measures were deemed necessary despite the fact 
that Titov’s orbit lay well below the inner 
radiation belt, and it is primarily outside the 
radiation belt that solar eruptions represent a 
source of danger. 

Moreover, opinions about the admissible dose 
of radiation differ widely, though all calculations 
are derived from either experiments with animals 
or effects of specific radiation (X-rays). George S. 
Trimble, Jr., a vice-president of the Martin 
Company, was very sanguine on this subject a 
few months ago, when he compared the chance 
of a space ship encountering a proton cloud to 
that of an ocean liner encountering an iceberg in 
the South Atlantic. 


Meteorites 


Whereas, generally speaking, the space travel 
risk increases with distance from the Earth, the 
opposite is true of one specific source of danger, 
namely meteorites. The latest studies undertaken 
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by Ling-Temco-Vought lead one to expect that 
a space station with about 1,000 m? surface 
area and a single wall thickness of 0.27 cm would 
suffer penetration on an average of once a day at 
an altitude of 100 km and only once in every 27 
years at 150,000 km, assuming normal conditions. 
If the spacecraft runs into a meteor shower, the 
penetration figures are vastly increased. The 
reason for this paradox lies in the fact that 
millions of micrometeorites are pulled into the 
Earth’s gravitational field and then circle the 
Earth in elliptical orbits at altitudes between 180 
and 115,000 km. Altitude probes have also 
measured high meteorite density between 80 and 
170 km. It is estimated that 1,000 tons of met- 
eoritic material from space enters the Earth’s 
atmosphere every day. 

It is probable that 90 percent of the meteorites 
consist of small particles of dust of low density 
(0.05 g/cm*) which can hardly endanger a space- 
craft, while nine percent are of stony composition 


Present state of knowledge in the life sciences, based on a tabulation by Garrett AiResearch Manufacturing Divisions. 
The broken line denotes progress achieved during the last twelve months. 
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and only one percent are of high density ferrous 
content. This one percent is nonetheless capable 
of causing enormous damage. At Ling-Temco- 
Vought, small bottles filled with air or oxygen 
were bombarded with tiny particles of aluminium. 
So great was the heat on impact that the meteorite 
and part of the wall in the vicinity of the point of 
impact vaporized. When the hot part came into 
contact with the oxygen, an explosion followed, 
accompanied by a large flash. The resultant 
hazards to a manned space vehicle are manifold: 
drop in cabin pressure; temporary blinding of the 
crew by the flash and attendant delay to repair 
work; the burns which the astronauts may suffer; 
penetration of the fuel tank or liquid oxygen 
container walls, with the certainty of explosion. 


Thorough investigations are still needed to 
determine the effects of the impact of small bodies 
travelling at hypersonic speeds. A complicating 
factor is that, for the present at any rate, the 
high trajectory speed (35 km/sec) of meteorites 
cannot be achieved in the laboratory. As far as 
can be seen from experiments carried out so far, 
double walls or sandwich structures afford the 
best protection. 


Re-entry 


Space engineers do not consider that this 
aspect of the matter presents insuperable diffi- 
culties. For vehicles entering the Earth’s atmos- 
phere ballistically, ablation cooling offers a 
reliable protection against heat, even if the opti- 
mum re-entry path is just missed. The crew is 
still faced with the hazard of excessive accelerations. 
As long as it is not a question of passenger 
services into space, all astronauts will of course 
have to undergo training on the centrifuge. 
Installations to provide protection against the 
extreme shocks arising from “‘off course” landings 
are already undergoing development. Two Vought 
Astronautics engineers recently reported on a 
new type of seat which enables an astronaut to 
withstand accelerations of up to 60 g. 


Weightlessness 


One of the space flight conditions which, 
although perhaps not directly dangerous, is 
nevertheless completely outside man’s experience, 
is weightlessness. Unlike other factors involved, 
weightlessness has long been well known as a 





A paper by two eminent Soviet space medicine 
specialists, O. G. Gazenko and V. J. Yazdovski, of the 
Academy of Sciences of the USSR, was read at the 
12th IAF Congress in Washington. As the report, en- 
titled “Some Results of Physiological Reaction to Space 
Flight Conditions” sheds further light on what is al- 
ready known of the Gagarin and Titov operations, a 
summary based upon it is given below. 

Overloads originating during the placing of a vehicle 
into an orbit and during the trajectory of descent can 
adversely effect the pilot’s health and working capaci- 
ties, especially in the case of the vehicle’s deviation 
from the calculated trajectory. The resistance of the 
organism to overloads is much higher if they act per- 
pendicular to the longitudinal axis of the body (trans- 
verse overloads), but even so there comes a point at 
which disorders in breathing, hemodynamics, and 
nervous regulation reach a critical value. Experiments 
with dogs on the centrifuge produced interesting 
results. These experiments were intended to investigate 
the hemodynamics of the pulmonary circulation and the 
degree of blood oxygenation during transverse over- 
loads. Despite the decrease in the aeration of the lungs, 
the active rearrangement of the pulmonary circulation 





can, within certain limits, ensure preservation of the 
necessary blood oxygenation level. 

There is reason to believe that there is an inequality 
between the volumes of the blood ejected by the right 
and left ventricles, with the stroke volume from the right 
ventricle predominant. If this supposition is true, then, 
taking into account the resultant progressive storage of 
the blood in the lungs, it is difficult to imagine the 
possibility of man’s remaining under conditions of in- 
creased gravitation for a lengthy period of time. 

It is necessary, and in our opinion feasible, to select 
tests—foretokens of functional disorders—which can 
serve as objective diagnostic criteria in the estimation 
of the astronaut's health condition. It can always be 
objected that the results obtained in laboratory experi- 


solution of problems connected with actual flight. The 
difference in conditions is obvious. In actual flight, over- 
loads are combined with a complex of other factors, 
among which the pilot's emotional stress is of primary 
importance. 





Was German Titov Space-sick? 


ments on the centrifuge cannot be fully applied to the © 


Comparison between the data obtained from the tests 
on the centrifuge and from the active evaluation of the 
actual space flight results is instructive. From their 
subjective impressions, Yuri Gagarin and German 
Titov unanimously estimated that laboratory and flight 
experiences corresponded closely. They believe that 
accompanying factors did not complicate the tolerance 
of overloads. On the other hand, it is noteworthy that 
the frequency of pulse and breathing, as well as other 
objective indications of some physiological functions 
during flight, differed considerably from those recorded 
on the centrifuge. It is difficult to doubt that this was a 
result of emotional stress. 


The apprehension has often arisen that sensory, 
somatic, and vegetative disorders will limit the possibili- 
ty of man’s stay in conditions of weightlessness. The 
experiments with animals did not supply any expla- 
nation. Observation of the seven dogs sent into orbit 
revealed that, during the first period of the animals’ stay 
under conditions of zero-gravity, there was a definite 
tendency for the main physiological indices to regain 
initial levels after the marked changes originating during 
the porticn of flight when the engines were working. 


During the first two hours, some changes in the 
functional condition of the heart could be observed. 
These changes disappeared quickly, but eight to ten 
hours later some changes in the heart's functional 
condition reappeared. 

During the flight of Belka and Strelka, considerable 
increases in the bitches’ frequency of pulse and respi- 
ration rates as well as in increase of arterial pressure 
were recorded. 

The Laika experiment has already shown that the time 
of recovery of the heart contraction to normal under 
conditions of weightlessness was approximately three 
times longer than if subjected to the same accelerations 
on the Earth. During the first four to six hours of orbital 
flight of Laika and the other dogs, the fluctuations of the 
frequency of the heart beat varied considerably. Relative 
instability of the rhythm of the heart beat, though ex- 
pressed in a lesser degree, remained to the end of the 
stay under conditions of weightlessness. A similar, 
though less expressed, picture of the rhythm fluctu- 
ations was observed in Yuri Gagarin’s ECG. 


The results of the astronauts’ flights were naturally 
anticipated with great interest. Shepard spent five 
minutes under conditions of weightlessness, Gagarin 
endured zero-gravity for more than an hour. Neither 
Shepard nor Gagarin displayed any disturbance in the 
sensory and motor spheres. Data recorded during 
German Titov’s flight are being processed. However, it 
is known that during the whole flight the astronaut 
retained a sufficient level of working capacity. No 
pathological indications were observed in his main 
physiological functions. 


At the same time, Titov noted some important symr- 
toms. During the condition of weightlessness, un- 
pleasant sensations of giddiness were felt increasingly, 
especially when the astronaut sharply turned his head 
or was observing swiftly moving objects. After a period 
of sleep these phenomena decreased, but did not dis- 
appear until the onset of acceleration during the re- 
entry phase of the ship's return to earth. Thus, the 
sensation of discomfort existed during a considerable 
portion of the flight and resembled seasickness. ++ 
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X-ray picture of the Mercury capsule. 1 — hatch; 2 — pitch 


and yaw nozzles; 3 — drogue parachute; 4 — horizon 
scanner; 5 — main and reserve parachute; 6 — periscope; 
7 — roll nozzles. 


phenomena of physics; but it still remains one 
of the large question marks against space travel. 
Experiments with aircraft ballistically guided for 
short periods yielded only few clues, since the 
duration was limited to not more than one 
minute. And, although experiments with animals 
did to a certain extent produce measurable 
physiological effects, the animals were naturally 
unable to report on their personal sensations. 
Shepard, Grissom, and even Gagarin, reported 
no disturbances, but Titov apparently suffered 
from nausea, giddiness, and other symptoms of 
this kind (see box). Whether man can endure 
weightlessness without loss of efficiency or, 
indeed, damage to health, can be shown only by 
further space flights. If need arose, one would 
have to give future space vehicles rotation in 
order to generate an artificial gravitational field. 


Life Support Systems 


Thanks in no small measure to the develop- 
ments in connection with nuclear-powered sub- 
marines, knowledge in this field is relatively 
advanced, and details of its present state can be 
gleaned from the table on page 1651. The 
broken line denotes progress during the last 
twelve months. 

Two major problems under this heading, 
namely air conditioning and food supply, are the 
subject of two contributions by leading concerns 
in this field, which will be found in this issue on 
pages 1658 et seqq. 

The basis is now in existence even for systems 
where the operational period is extremely long. 
Further development is, in the view of the indus- 
tries concerned, mainly a question of time and 
money. Life support system designers are in the 
happy position of being independent of series of 
launchings of expensive carrier rockets, as most 
of the problems arising can be solved on the 
ground. 


Encouraging Results of Initial Space Flights 


The American Mercury programme and the 
man- or animal-bearing Earth satellites launched 
by the Russians are for the purpose of deter- 
mining man’s suitability for space travel, ascer- 
taining basic physiological and psychological 
effects of space flight, and paving the way for the 
technical answers needed to make possible more 
advanced space vehicles. The fact that both the 
American and Russian experiments have for the 
most part yielded results which are consistent, 
and at the same time encouraging, says much for 
the correctness of the path which has been 
followed. According to published reports, astro- 
naut selection and training methods, pre-launch 
checkout, rescue systems, flight monitoring, 
recording of measurement data and telemetry, 
life support systems, communications, attitude 
control, re-entry, capsule landing and recovery 
methods, have all acquitted themselves well. 
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The effort behind the results themselves is often 
overlooked. This can be great, even in the case of 
apparently innocuous marginal problems. An 
unexpectedly large amount of development work 
was involved, for instance, in producing instru- 
ments for measuring and recording body temper- 
atures, breathing, and heart functions of Mercury 
pilots. Equipment for continuous determination 
of blood pressure is still not available. 

The measured physiological reactions of Alan 
Shepard remained within the anticipated order 
of magnitude but exceeded the comparative 
values derived from simulated flights (see 
diagram). Shepard felt quite well throughout his 
journey and perceived no symptoms of any dis- 
turbances. He was able to carry out his planned 
tasks—reading instruments, broadcasting obser- 
vations and actuating the attitude controls— 
unhindered. The only hitch was in the last 15 
seconds of the propulsion phase, when air loads 
reached their maximum. For this period the 
astronaut’s head vibrated so violently that he 
could no longer read the instruments. 


The Astronaut's Work Programme 


Despite extreme stresses, such as high acceler- 
ations, noise, vibration, heat, reduced external 
pressure and weightlessness, not to mention the 
emotional stress, astronauts can undertake an 
impressive work programme. This was convinc- 
ingly demonstrated by Alan Shepard who, in 
the space of 15 minutes 22 seconds, transmitted 
78 messages to ground, monitored 27 important 
occurrences, actuated the attitude controls nine 
times, and turned his attention to his environ- 
ment on nine occasions. It goes without saying 
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Simulator tests cannot give an unqualified standard. Here 
is a comparison between Shepard’s pulse and respiration 
rates during his Mercury flight and the results measured 
in centrifugal tests (shaded areas). The accelerations were 
identical in both cases. i — before the flight; 2 —- maximum 
acceleration during ascent; 3 — braking rockets in opera- 
tion; 4 — re-entry; 5 — after the flight; 6 —- opening of main 
parachute; 7 — descent by parachute. 


that man can withstand such a concentrated 
stress for no more than a short period. 

The crews of future space capsules will be 
responsible themselves for the control and 
operation of their spacecraft. In view of the 
multiplicity of tasks involved, it appears ad- 
vantageous to allocate them to a pilot, a navigator, 
and a ship’s doctor. The pilot would be responsi- 
ble for propulsion, guidance and general astro- 
physical measurements, the navigator for naviga- 
tion, the transmission of messages and the astro- 
physical observations bearing on his work. The 
doctor would take care of living conditions in the 

cabin, the physiological and psychological well- 

being of the crew and biological investigations in 
Space. “‘Housekeeping’”’ and maintenance of the 
ship would be shared by the trio. 


Mercury pilot in the NASA 
MASTIF trainer (MASTIF 

MultiAxis Spin Test Iner- 
tia Facility). The space 
traveller’s seat is suspended 
on gimbals and is equipped 
with a control column and 
flight attitude indicator. The 
“instructor” can rapidly 
change the seat attitude by 
rotation about any desired 
axis (up to 30 r.p.m.) by 
means of pressure gas noz- 
zles operated by remote con- 
trol. It is the pupil’s task to 
stabilize his position through 
reference to the instruments 
by means of the control 
column. 


Space flights may take from 95 minutes to a 
fortnight, according to mission. It goes without 
saying that the tempo of work which can be 
demanded depends on length of journey. Studies 
of working time carried out by Republic lead one 
to suppose that crews can manage for up to 24 
hours without sleep or rest periods, but in 
voyages lasting more than three days require a 
minimum of six hours sleep daily. In the case of 
missions lasting more than seven days, an addition- 
al four hour rest period must be added. Actual 
working time is to be divided experimentally into 
10 minutes of maximum concentration alternating 
with the same period of rest. It appears therefore 
that the crew’s productivity will be at a maximum 
(i.e. 50 percent) on journeys of up to 24 hours 


Human simulator. This apparatus can perspire, use oxy- 
gen, exhale carbon dioxide, and maintains a human body 
temperature. On September 13th, 1961, this artificial 
space traveller was sent round the Earth to test the life 
support system. 
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and then decrease as journey lengthens. For space 
flights of over seven days duration, useful 
working time should amount to a maximum of 
six hours per day. 


F' Despite the undeniably successful flights of 
Gagarin, Shepard, Grissom, and Titov, the 
opponents of manned spaceflights will not be 
silenced. They argue that the crew, together with 
equipment essential to support life, requires at 
least as much space and weight as an instrument 
package fulfilling the same tasks. Instead of 
answering this question ourselves, we propose to 
give the floor to two members of the Douglas 
Aircraft Company, who recently provided this 
succinct and lively description of man’s role in 
space*: 

“In ancient times, man formed alliances with 
other, less intelligent animals, which were to the 
advantage of both. He used horses for transporta- 
tion, and in turn fed and warmed them. He used 
dogs to perform many missions of reconnaissance, 
early warning, and combat, and in turn, fed and 
warmed them. Later, he created mechanical 
devices to perform many of these missions better, 


In space, the ship itself must be able to do many 
things man with his limited capabilities never can. 
The ship goes where no man, or animal, can. It 
protects the man, provides him with air to 
breathe, gives him food and drink. The ship has 
sensors that can see farther and with different 
eyes, and it has computers, that can make faster 
and more precise determinations, and that speak 
directly the language of the control system. A man 
should be able to give overall commands, but 
to insist that man with his limitations be part of 
the control system is like inserting man between 
the brain and leg muscles of a horse. 


. If man sticks to just giving overall instruc- 
tions, “pulling on the reins’”’ however, he is 
making a contribution which the ship may never 
be able to.” 

Men of science put the chances of man in 
space high, whilst admitting that the first four 
successful experiments have brought us to 
roughly the stage of aviation after the first hops 
of the Wright Brothers. + 


* M.W. Hunter and E. B. Konecci: Advanced Manned 
Space Systems. Space Flight Report to the Nation, Ameri- 
can Rocket Society, October 1961, New York. 
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The Manned 
Lunar Project 


By Kurt R. Stehling, Scientist, Senior Planning Staff, NASA* 


The exploration of the moon will become one of the major enterprises of 
the United States within the next decade. This exploration will be centered 
largely around the use of man. But before man is projected to the lunar sur- 
face, a substantial program of unmanned lunar exploration will be attempted. 
These unmanned explorations during the next five years or so will yield 
considerable information about the lunar surface structure, radiation levels 
near the moon’s surface, and other physical constants pertaining to the 
moon. Although much of this information will be used in support of the 
manned lunar landing activity (MLL), a substantial fraction will be used 
for the general advancement of lunar science. The research program can be 
broken down as follows: 


. Ranger lunar probe for hard landing; 

. Surveyor lunar probe for soft landing; 

. Prospector, a “‘mobile” instrument unit, which can travel on the 
lunar surface over limited distances; 

. Apollo, manned space vehicle for a three-man crew. 
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Ranger 


Before a lunar attempt is made with the Ranger, several orbits will be 
tried in order to check out the operation of the spacecraft, including such 
complex sub-systems as attitude control and telemetry. Furthermore, 
extensive measurements of interplanetary radiations, particles, and fields 
will be measured with an array of instruments. 

The ultimate objective of the Ranger program is to land an instrumented 
capsule on the lunar surface, and to view the lunar surface with television 
and gamma ray spectrometry during the descent phase of the flight. 

During early phases of the 66-hour flight, attitude control jets will main- 
tain three-axes stabilization, with the solar panels oriented toward the sun 
and the high gain antenna pointed toward the earth. Radio tracking will 
reveal the need for any necessary course corrections, which the spacecraft 
will make by orienting itself for a midcourse rocket firing and then reorient- 
ing itself for the cruise mode. During the last ten hours of the flight, the 
gamma ray spectrometer is expected to be monitoring radioactivity in the 
lunar surface, which will provide clues to the nature of the lunar formation. 
Upon approaching the lunar surface along a vertical descent trajectory, the 
spacecraft will orient itself with its instrumentation pointing toward the 
surface and the retrorocket of the landing capsule pointing to the rear. 

At about 2,000 miles altitude the vidicon telescope will be activated and 
will take approximately 100 pictures, prior to the firing of the capsule 
retrorocket at slightly under 20 miles altitude. The first picture will have 
a field of view 25 miles square with a resolution between 600 and 1,200 ft, 
which is comparable to our best resolution from earth. The last picture will 
view a 2,000 ft square with a resolution of between 10 and 20 ft, which will 
give us our first good visual indication of the nature of the lunar surface. 

The landing capsule will carry as its prime experiment a highly sensitive 
single-axis seismometer. The seismometer and its related telemetry and 
power supply will be protected from residual impact velocities of several 
hundred ft per second by a crushable structure surrounding the instrument 
capsule. The instrument will remain active for from one to three months, 
and will indicate any seismic activity present in the lunar surface due to 
internal disturbances or meteoroid impact. Such measurements will help 
determine the origin of the moon and the nature of its structure. 


Surveyor 


This project should provide most of the information about the lunar sur- 
face and environment which is required to proceed with more advanced 
unmanned and with manned landing missions. In addition, much of the 
guidance, control, communications, power, and landing technology required 
for these later missions will be developed in the course of the Surveyor 
project. 

In January 1961, Hughes Aircraft Corporation was selected to build the 
Surveyor spacecraft. Weighing approximately 2,500 lb at injection, the 
Surveyor will land about 750 lb on the lunar surface, of which some 250 Ib 
will be scientific instrumentation. As now planned, several television 
cameras, with variable magnification and with color-stereo capability, will 
examine in great detail the surface features in the vicinity of the landing site. 
A variety of spectrometers will analyse the chemical and mineralogical com- 


* The opinions expressed here are the author’s own and are not necessarily the offi- 
cial policy of NASA. 
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Ranger with dischargeable instrument capsule designed for a hard lunar landing. 1 - 
capsule support structure; 2 — solar panels; 3 — lunar capsule landing sphere; 4 — alti- 
meter with antenna; 5 — omnidirectional telemetering antenna; 6 — gamma ray spectro- 
meter; 7 — retrorocket; 8 — mid-course propulsion and control; 9 — high-gain communi- 
cations antenna. 


Sectional drawing of the Ranger moon 
landing capsule, developed under 
NASA contract by the Aeronutronic 
Department of the Ford Motor Com- 9 
pany. 1 — electronic equipment; 2 — in- 
sulation (the temperature on the moon 3- 
varies between —160°Cand+100°C); 4 
3 — balsa wood; 4 — battery; 5- seis- 
mometer; 6 — solid fuel; 7 — ignition 5 
wire for stabilizing rocket engine; 8 - 
nozzle; 9 — ignition wires; 10 —- com- 
bustion chamber of stabilizing rocket 6 
motor; 11 — antenna block; 12 — glass 

fibre reinforced skin; 13 — damping 7 
fluid (for shock absorption when the 
capsule makes contact with the moon 8 
and to allow the interior sphere to 
settle into a position suitable for seis- 
mic measurements); 14 — water; 15 - 
locking and unlocking device; 16 10 
connector clamp ring; 17 — igniter; 

18 — connector ring; 19 — altimeter 
antenna. 








The Surveyor, developed by the Hughes Aircraft Company, is to make a soft lunar land- 
ing. The Surveyor will descend at a speed of less than 6 m.p.h., which is slower than a 
normal parachute landing on earth. The photo of a mock-up of a Surveyor shows the 
numerous instruments: 1 — neutron activator (extended); 2 — lunar drill; 3 — directional 
antenna; 4 — solar panel; 5 — surface geophysical instruments; 6 —- TV camera; 7 — slowly 
driven geophysical probe; 8 — main retrorocket nozzle. 
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position of surface and subsurface samples collected with the aid of drills. 
Physical properties of the samples will also be determined, including density, 
magnetic permeability, electrical resistivity, thermal ‘conductivity, and 

hardness, The samples will also be examined for the presence of organic 
molecules which might constitute primordial life forms. 

The tenuous lunar atmosphere will be analyzed, and the radiation which 
beats down through it onto the lunar surface will be measured with a variety 
of radiation detection devices. Some of the properties of the moon as a 
planetary body will be determined with seismometer and gravimeter 
measurements. 

These scientific experiments or their progeny will also be applicable to 
the Prospector mission, where they will be given mobility. 


Prospector 


This project is most intimately connected with the MLL program. It will 
have the capability of actually disgorging mobile roving instrumentation 
on the lunar surface that will measure, less perfectly than a man can, of 
course, the various phenomena of interest. The potentialities of the Pros- 
pector for lunar exploration are tremendous. Man’s most useful faculties 
for exploration, sight and touch, will be given mobility, while coupled to 
both human and electronic brains in a command center on earth. This 
vehicle, with its vast array of instrumentation, will be free to explore much 
as a man would, but without hazards. 

A second payload for Prospector is an assembly of rockets and equipment 
to return a lunar sample to the earth for careful laboratory study. The 
Saturn capability is such that the return spacecraft could carry enough 
guidance and control equipment to make recovery probability high. 

Project Prospector, in addition to advancing both science and technology 
prior to manned landings, will probably continue to serve man once he has 
landed on the lunar surface. The spacecraft landing “truck” could land 
supplies and equipment; the mobile vehicle could be remotely run from 
the lunar surface, or could be converted to a “jeep; and the sample return 
system aoe serve as man’s “‘carrier pigeon”’ to send selected samples back 
to eart 

At this time the Prospector is still in the study stage. It is anticipated that 
before the end of this year several design study contracts will be awarded, 
leading to a hardware contractor in fiscal year 1963, following the pattern 
set by project Surveyor. 

A coordinated lunar mapping effort is being conducted prior to lunar 
landings. The NASA, the Army Map Service, the Air Force Chart and 
—— Center, and the US Geological Survey are cooperating in this 
work. 


Apollo 


After sufficient information has been obtained from lunar unmanned 
exploration to show that the lunar surface is not inimical to man’s survival, 
it will be feasible to send manned payloads to the moon. 

Project Apollo is generally considered mainly in the light of the spacecraft. 
It involves the development of a manned capsule designed to allow man to 
perform useful functions in space. This spacecraft will be capable of manned 
circumlunar flight as a logical intermediate step toward future goals of 
landing men on the moon and planets. The design of the spacecraft will also 
be sufficiently flexible so that it can be used as an orbiting laboratory, in 
earth orbit, as a necessary intermediate step before permanent manned 
space stations can be established in earth orbit. 

The design for a circumlunar flight will involve the solution of many of 
the problems associated with a manned landing on the moon. This is 
particularly true of earth re-entry and recovery. Also, manned circumlunar 
flight is the ultimate manned mission compatible with our firmly planned 
launch vehicle capability; that is, with the Saturn launch vehicle. 

Before circumlunar missions are attempted, earth orbital flights will be 
required for spacecraft evaluation, crew training, and for the development 
of operational techniques. In conjunction with, or in addition to, these 
qualification flights, the spacecraft can be used in earth orbit as a laboratory 
for scientific measurements or technological developments. 

In order to achieve this dual mission capability, it may be desirable to 
employ the so-called modular concept in the design of the Apollo spacecraft. 
This concept depends on the use of a building block or unit for assembly of 
the spacecraft. By assembling various building blocks, a flexibility will be 
obtained in making both the sub-lunar flights and earth-orbital flights. 

In this design concept, various building blocks or modules of the vehicle 
system are employed for different phases of the mission. Basically the space- 
craft is conceived to consist of three units: a command-center module, a 
propulsion module, and a mission module. The command center will house 
the three-man crew during the launch and re-entry phases of flight. It will 
also serve as a flight-control center for the remainder of the mission. 

The propulsion module will serve the main function of providing ade- 
quate propulsion for emergency escape requirements at any speeds up to 


The four stages of the American lunar research programme. 























Space vehicle 
Carrier rocket First lunar landing 
Designation Launch weight 
Ranger 790 Ib Atlas-Agena B 1962 
Surveyor 2,490 Ib Atlas-Centaur 1963 
Prospector ? Saturn 1966/67 
Apollo 990,000 Ib Nova 1970 
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the maximum velocity. In this sense it might be compared with the escape 
tower on the Mercury capsule. In addition, this propulsion module can also 
have the capability to make mid-course and terminal guidance corrections, 
and to place the spacecraft into an orbit around the moon and eject it from 
that moon orbit. 

Later on, when sufficient launch vehicle capability exists to land the 
spacecraft on the moon, this propulsion unit could also be used as the take- 
off stage from the moon to return the spacecraft toward the earth. 

The mission modules would differ for the circumlunar and the earth- 
orbital mission. For circumlunar flight, they would provide better living 
accommodation for the three-man crew during the flight and also some 
equipment for scientific observations. For the earth orbital flight, the 
mission module can be considerably heavier than for circumlunar flight. 
This is because the Saturn capability is considerably greater in earth-orbit 
than when sending a spacecraft toward the moon or the planets. Thus this 
mission module can usefully serve as an earth-orbital laboratory, with ample 
capacity for scientific instrumentation and reasonably long lifetimes in orbit. 

There are several possible shapes for the Apollo command-center unit. 
The final selection of a vehicle will be the result of very intensive ground 
and flight test programs. A basic consideration in the design of this unit is 
that it must re-enter the earth’s atmosphere at 25,000 miles an hour, or 
nearly one and a half times as fast as a re-entering satellite. Protection from 
re-entry heating thus becomes an exceedingly difficult task. 

The various configurations are equipped with control surfaces. These 
surfaces would be used to provide a degree of maneuvrability after the craft 
has returned to the atmosphere, to control the flight path and to allow a 
landing at a preselected site. 





How the manned Apollo capsule could take off from the moon to return to earth. The 
functional module with the crew’s living quarters and a large part of the scientific equip- 
ment remains on the moon. 


Some of the configurations would allow conventional airplane-type 
landings on a landing field. Other configurations would use parachutes just 
as the Mercury capsule does. All of the spacecraft will be capable of surviving 
both ground and water landings. 

An environmental control system will have to be developed to supply a 
supportable atmosphere for the crew for several weeks. Attitude control 
systems to control the spacecraft attitude and direct it in the proper direction 
will have to be built and tested. Suitable power supplies will have to be 
selected. 

One of the major requirements is the on-board propulsion system. For 
this will have to get the spacecraft back toward earth from any point between 
earth and the moon in case the launch vehicle malfunctions, or in case 
any other emergency occurs. Calculations indicate that about onethird of 
the total spacecraft weight will be tied up in this on-board propulsion system. 

Communications systems will have to be provided. Suitable displays to 
allow the pilot to control the craft, to re-enter the appropriate corridor, and 
to land at the pre-selected site will also have to be developed. 

At the present time, the feasibility study phase is being implemented. 
NASA’s Research and Space Flight centers have, for some time, been 
engaged in such a program designed to generate the background information 
required for Project Apollo. In addition to these internal studies, three 
industrial contracts—Convair, General Electric, and Martin Co.—were 
each engaged in a six-month study to help define a feasible spacecraft system. 

Following the completion of the feasibility studies, specifications have 
been drawn up, and the detailed design for the Apollo spacecraft system 
will be started by an industrial contractor very soon. 

During the same time period, a development test program using Little 
Joe, Atlas, Atlas-Agena, and Saturn launch vehicles will be carried out. 
Results from the Mercury flight-test program will be incorporated into the 
design as they become available. Upon completion of this design and 
development effort, manufacture of the Apollo spacecraft and its systems 
will be started. 

This program should lead to the first manned flight of the Apollo space- 
craft system during the middle of this decade, with circumlunar flights 
following as soon thereafter as systems development and qualification have 
confirmed satisfactory operation. + 
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Two Space-age 
Excursions 


The Boeing Company's suggestion for a manned space station 
to house a crew of twelve. Left to right: detachable nose-cone, 
which provides an emergency escape; crew capsule; fuel tank 
and provisions installation; engines; living quarters. 












Half scale model of the Pratt & Whitney 1 kW Fuel Cell similar to 
hardware under test which develop “4%, kW—5 kW. Fuel Cell con- 
verts chemical energy directly into electricity and is claimed to 
be twice as efficient as conventional energy conversion systems. 


Moon Probe Propulsion Unit. The unit shown is a full-scale 
model of the first US-built propulsive system designed to 
operate with deep space probes. The unit was used on the Af/as- 
Able V launches, and has been fired and successfully operated 
at 400 miles altitude. 
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With only a week between them, two major space 
conferences were staged in October on the US East 
Coast, namely the Xilth annual meeting of the Inter- 
national Astronautical Federation (IAF), held from 
the ist to the 7th in Washington, and the mammoth 
“Space Flight Report to the Nation” conference, held 
from the 9th to the 15th in New York. The subjects 
were essentially the same, but what a difference in 
“get up” and presentation! The contrast began with 
the external surroundings. In Washington, these were 
a small tasteful hotel, divided into several low blocks 
and located on the ‘‘green”’ edge of the town, and as 
a result the participants almost had the impression 
of staying on the campus of a typical American uni- 
versity. For the New York congress, which had for 
months been hailed by press and radio, the venue 
was the Coliseum, a prosaic utility building situated 
at one of the busiest crossings in the centre of hectic 
Manhattan. 


The Twelfth IAF Congress - a Conference Room Affair 

It was quite clear that the IAF Congress would be 
overshadowed in many respects by the event immedia- 
tely following in New York. Spectacular occurrences 
in space, like those which set their stamp on the 
Barcelona (1957) and Stockholm (1960) Congresses, 
were absent. This year’s Congress may be said to 
have taken place exclusively in the precincts of the 
conference rooms. Hardly noticed by the public, the 
lectures, discussions, and committee meetings went 
on in a markedly matter-of-fact atmosphere. A large 
number of the lecturers came from Universities and 
research institutes, a fact which was clearly reflected 
in the standard of the contributions. The representa- 
tives of industry, too, preferred scientific subjects 
for this occasion and saved their more spectacular 
papers for New York. All in all, 150 lectures were 
delivered in Washington, often four simultaneously 
in different halls, and nearly a quarter were devoted 
to space law. The highly applauded observations of 
the lawyers, however, made it clear yet again that any 
attempt at setting up a body of law must, all sophisti- 
cated formulas notwithstanding, remain illusory as 
long as political tensions between East and West rule 
out an effective executive. One might add that, of the 
nineteen nations represented at the Congress by 
papers, seven spoke only on space law, amongst them 
Ceylon, Iran, Austria, Yugoslavia and the pocket 
republic of San Marino. 

The doctors and biologists also had full houses. 
Their main concern was with life support systems. 
The psychologists spent a whole afternoon discuss- 
ing the behaviour of astronauts under “stress.” 
Amongst the technical subjects, radio astronomy 
was, interestingly enough, the most prominent, and 
accounted for more than twenty papers. Amongst 
the others were aerodynamics, propulsion questions, 
guidance and control, and transmission of informa- 
tion. 

As usual, the lion’s share of all contributions went 
to the USA (64 percent). She was followed by Great 


View of the main hall of the Coliseum. Front, the joint 
NASA and DOD stand; behind it, the Avco, Martin, McDon- 
nell, United Aircraft, Boeing and General Motors stands. > 


An enormous globe on the joint NASA and Defense Department stand illustrated the orbits of all satellites 
launched into space to date. Beneath are models of American carrier rockets. 













































Britain (6 percent), then France and the USSR (each 
5 percent). The Soviet representatives, following 
their usual practice, confined themselves to “harm- 
less” topics. Still, there was no standing room left 
when Professor Yazdovsky (or, more exactly, his 
interpreter) rose to speak on “Some Results of 
Physiological Reaction to Space Flight Conditions.” 
Some extracts from his paper are given on page 1652. 


A benevolent unanimity characterized the full 
meetings and committee meetings of the IAF. Three 
new members—the Astronautical Society of Cyprus, 
the Mexican Society for Interplanetary Studies, and 
the Rumanian Academy of Sciences—were admitted, 
making the total number of countries at present 
represented in IAF 33. 


The Documentation Committee decided to publish 
a specialized multi-lingual dictionary. Since the 
Czechoslovakian Academy of Sciences assumed 
responsibility for publication, the original six lan- 
guages planned, namely English, French, German, 
Russian, Spanish and Italian, have had to be increased 
to seven by the addition of Czech. In order to make 
the number of languages even—the form of the book 
will be four columns on each of two facing pages— 
Portuguese will also probably now figure as the eighth 
language. The Astronautical Academy also wishes 
to be active in the publications field and intends to 
complement the Acta Astronautica with monographs 
by selected authors. 

A good-natured argument preceded the choice of 
the host country for the 14th Congress in 1963. The 
Argentine, the German Federal Republic, Poland, 
and the new recruit, Mexico, were the candidate coun- 
tries. After it had been agreed to allow the Western 
hemisphere to be in the running again, the Argentine, 
as the elder member, emerged the winner. The 13th 
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Congress will, as is already known, take place in Sofia, 
Bulgaria, in mid-October 1962. 

The plenary session elected Professor Joseph 
Pérés, member of the French Academy of Science 
and Professor of Applied Mathematics and Flow 
Mechanics at the Sorbonne, Paris, as President of the 
1AF for 1961/62. 


Space Flight Report to the Nation 

The American Rocket Society could have chosen 
no more apt title for its convocation. About 200 
individual papers, a dozen comprehensive reports, 
several round-table conferences, addresses on each 
of three afternoons, a majestic forum and an impres- 
sively arranged exhibition in which 200 concerns 
participated—all these combined to give a single, all- 
embracing balance sheet of American space research, 
addressed to the ‘‘community of shareholders,” the 
American people. 

“Anybody who was anybody” had come to NewYork. 
We do not intend to embark on the hopeless task of 
enumerating names, let alone discuss individual 
papers. From Goddard's pioneer experiments to 
plasma radiation propulsion, from liquid oxygen 
pumps to the sun sail, from the altitude research 
rocket to the Mars probe... ablation cooling, hygiene 
inlong space flights... the evaluation of the constantly 
increasing material, the lack of a coming scientific 
generation... the political and economic effect of 
successes in space—there was in fact no topic in 
any way connected with space which was not the 
subject of discussion. If all papers, discussions, 
picture and film documents, and addresses were 
assembled in one volume, this would certainly be a 
complete handbook of space science. 

The Space Flight Report to the Nation provided a 
further opportunity for personal discussions between 
professional colleagues scattered across the conti- 
nent, for making new contacts, and for renewing old 
ones. This is true of every conference, but the New 
York meeting had a deeper purpose, namely to give 
engineers and scientists—often working for years in 
watertight compartments—the chance of briefing 
themselves in the course of a few days on the present 
state and objects of space research, and of returning 
to work in their own specialized field with a better 
perspective. Whilst the lectures were addressed 
mainly to the professional, the exhibition appealed 
to everyone. And in flocked the visitors... fathers, 
housewives, and children. With this in mind, it is 
unfair to regard the “fairground” methods of many 
exhibitors as lapses of taste: these should rather be 
seen as well-meant eye-catchers. It is no accident 
that, in the same week, the American Museum of 
Natural History opened its permanent ‘Man in Space” 
exhibition, centred round the model of a manned 
orbital scientific laboratory. The mission of the Space 
Flight Report to the Nation was “education,” educa- 
tion to induce an understanding of space research 
and education to achieve public willingness to finance 
it. Europe, which is preparing to put its own inde- 
pendent space research on its feet, will also be faced 
with the necessity of making its people think of 
expenditure in terms of billions. The pattern is set. 
The Space Flight Report to the Nation has fulfilled its 
mission. + 
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United Technology Corporation 


displayed its 


concept of the 


conical segmented solid fuel 
booster with this mockup. 
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Model of the Saturn C-1 with S-1 
first stage, Douglas S-IV second 
stage, and Apollo capsule as- 
payload. In reality, the C-1 will 
be ten times the size. 


A constant centre of attention was the McDonnell Aircraft Cor- 
poration stand, which showed a Mercury capsule with release 
mechanism and other equipment. 
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Under a NASA contract, Grumman Aircraft Engi- 
neering Company designed the Orbiting Astronau- 
tical Observatory which houses a multitude of ob- 
servation and measuring instruments in its six 
storeys. 


“Selling” space to the general public. 
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Keeping a Man Alive in Space 


by James N. Waggoner, M. D., Director of Aerospace Medicine, 


The Garrett Corporation, Los Angeles. 


iii efforts to place man in space were 
initiated when the National Aviation and Space 
Agency awarded the McDonnell Aircraft Com- 
pany the prime contract for development of a 
manned satellite. McDonnell subsequently awar- 
ded The Garret Corporation’s AiResearch 
Manufacturing Division the responsibility of 
providing the life support system. The mission 
profile was initially outlined for 17 orbits round 
the earth of approximately 90 minutes each, and 
later reduced in its earliest orbital attempts to 
three orbits, or 41/4 hours time in space. Two sub- 
orbital flights of 15 minutes in space have been 
successfully accomplished to date, and the three- 
orbit flight is presently planned for the last month 
of 1961. 

The requirements jointly agreed upon for the 
Environmental Control (i.e., Life Support) 
System for Project Mercury are shown in Table 1. 
There is a considerable margin of safety in each of 
these requirements, to be sure the human occu- 
pant will have the least possible chance of 
suffering any pathologic event. For example, 
sufficient oxygen was originally required for 30 
hours. The system can actually supply breathable 
oxygen for more than 70 hours. This same concept 
of total safety was built into the hardware of the 
system itself. In many areas, there are two or even 
three parts to perform a specific function, in case 
one should fail. 

Early in the program, physiologic parameters 
for comfort and survival for this mission were 
outlined in detail. Since the body, breathing pure 
oxygen rather than the oxygen-nitrogen earth 
mixture, remains at a sea-level oxygen equivalent 
up to 33,700 ft, any altitude short of this while on 
100 percent oxygen will satisfy the body’s 
requirements. Aeroembolism (bends), however, 
has been known to occur quite frequently at total 
gas pressures lower than 225 mm mercury, or 
30,000 ft. Capsule pressure was thus chosen to 
remain constant at a 27,000 ft equivalent. In 
case pressurization of the capsule should fail, the 
astronaut wears a full pressure suit which auto- 
matically inflates the required amount to main- 
tain total pressure against the body at this 
minimum. 

Water vapor is controlled to make the astronaut 
more comfortable, as is the air flow rate. Temper- 
atures are closely guarded to prevent any excess 
heat from reaching the body even during the 
intense heat generated at the time of re-entry. 
Finally, in a closed system such as this, toxic by- 
products from the body may build up to danger- 
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ous levels unless intentionally removed. For this 
reason exhaled carbon dioxide is removed, as 
well as other trace gases and foreign odors. 
These represent the most significant physiologic 
considerations to which the system must be built. 
It is much easier to conceive what a system should 
do than it is build the actual hardware. Each 





Fig. 2: The high pressure oxygen supply installation 
produced by the Garrett Corporation for space vehicles. 
1 — spherical container for gaseous oxygen (7500 psi): 
2 — pressure transducer; 3 — quick disconnect coupling; 
4 — shutoff valve; 5 — pressure switch; 6 — to pressure 
reducer. 


Project Mercury Environmental Control System 
Requirements (A) and Provisions (B) 








A B 

Flight duration, hr. 28 31-55 
Oxygen supply, Ib 4 8 
Metabolic O,, cc/min 500 1.000 
Cabin leak, cc/min 300 1,500-2,500 
Pressurization level, psia 5 5.5-4.0 
Oxygen partial pressure, psia 5 5.5-4.0 
Suit circuit heat production 

Metabolic, Btu/hr 500 700 

Equipment, Btu/hr 300 300 
Suit ventilation flow, cfm 10 11.5 
Carbon dioxide output, cc/min 400 400 











component part must be capable of working not 
only on the ground but under such unusual and 
unfamiliar conditions as: 

1. weightlessness 

2. high acceleration loads (100 G shock for 11 


milliseconds) 


Fig. 1: AiResearch Manu- 
facturing Division of the 
Garrett Corporation devel- 
oped the environmental con- 
trol system for the Mercury 
capsule. The equipment will 
provide the astronaut with 
life support for more than 30 
hours while the capsule 
makes 20 orbits of the Earth 
at an altitude of 180 miles. 


3. vibration 

4. extremes in heat and cold 

5. dry and salt water exposure. 

Figure 1 shows the completed system now 
operational on Mercury. The contract for the 
construction, testing, and completion of this 
system was signed in May 1959. The first altitude 
chamber tests, using a human occupant living 
only through the environment provided for him 
by this system, were underway in October of the 
same year at our Los Angeles Division. 

During the actual construction of the various 
component parts of the system, several difficulties 
were encountered. Owing to the need for speed in 
the program, and the desire to use the most proven 
means of meeting each requirement, gaseous 
storage of oxygen rather than cryogenic storage 
was selected. To provide this supply, however, 
very high pressure storage had to be used. The 
7,500 psi oxygen bottles had to be geometrically 
perfect and smooth inside and out, to be safe 
from the all too frequent explosions seen in 
high-pressure pure oxygen vessels. AiResearch’s 
experience with the prototype containers was 
somewhat less than ideal; one spontaneous ex- 
plosion occurred, and leakage problems at the 
bosses were encountered. Fortunately, these units 
were being tested at a remote desert facility, with 
just this possibility in mind, and therefore no 
personnel were injured by the blast. These initial 
problems were overcome after re-engineering of 
the container was accomplished. The final 
operational unit is shown in Fig. 2. There has 
been no incidence of malfunction of any one of 
these vesseis to this date. This is one example of 
the many difficulties that may and will be en- 
countered in the course of converting realistic 
concepts into working hardware. With this 
problem in mind, every opportunity must be taken 
to use whatever proven components are available 
and appropriate. 

When considering the next space mission to be 
attempted beyond Mercury, namely the two- 
week three-man Apollo mission, certain, changes 
from the Mercury system must be made. The 
changes, however, are not as drastic as might be 
assumed. Only three appear to be mandatory; a 
genuine compliment to the original designers of 
the Mercury system for their foresight in planning 
such a versatile system. These include the follow- 
ing: 

(1) An oxygen-nitrogen mixture should be used 
rather than pure oxygen. This is made necessary 
at above 5 in psi total pressure, since we have 
seen several incidents of oxygen “poisoning,“‘ 
with accompanying pathologic changes in persons 
exposed to oxygen-rich atmospheres for seven 
days or more. The inclusion of a mixed gas 
atmosphere demands careful partial pressure 
control of each of the gases present. Figure 3 
shows a flyable environmental control system, 
using a unique sensor which both monitors and 
controls partial pressures of oxygen and nitrogen. 
(2) The gas to be breathed should be stored 
cryogenically rather than in a gaseous state. This 
will reduce the size and weight of the tankage 
required. Furthermore, supercritical storage of 
both oxygen and nitrogen will assure proper 
delivery of these gases to the astronauts, even in 
the weightless state. 

(3) The use of a space radiator as a heat sink, 
with an intermediate heat transfer fluid (glycol- 
water mixture), will reduce the amount of power 
and weight required, as compared to the expend- 
able evaporant, water, used in Project Mercury. 

These are actually the only changes necessary 
to present life support systems to adapt them to 
perform their function for two weeks in space. 
Certain other features should be amplified to 
accommodate a two-week three-man mission, but 
need not be changed in concept. For example, 
the sponge, currently used in Mercury, should be 
made larger with greater absorbing capacity, but 
otherwise need not be modified. 











Lithium hydroxide, currently used to remove 
carbon dioxide from the system, should be 
retained, but should be built into a canister form, 
whereby it can be switched daily. Regenerable 
carbon dioxide removal systems such as a mole- 
cular sieve system with silica gel for moisture 
removal show great promise, but not until a 
solar or nuclear power system is available to 
provide the considerable power required to 
operate this type of system. 

The conclusions to be reached after considering 
life support systems for spaceflights of the present 
and future seem to be quite hopeful. It can be 
seen no major breakthroughs are needed to 
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Fig. 3: An environmental control system using an oxygen- 
nitrogen gas mixture. The equipment monitors and con- 
trols the partial pressures of the two gases, and has a 
working capacity of three man/days. 
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successfully maintain unhampered human per- 
formance for several weeks while in space. Further- 
more, more advanced systems are currently being 
designed and built with the 1970s in mind. 
Continuous progress must be evolved in the 
future as it has in the past. Only if the life support 
system works to perfection without providing so 
much as a temporary distraction to the space 
scientist of the future, can he perform his vital 
on-the-spot decision-making tasks with full 
efficiency. His ability to do just this is what we 
are relying upon to make our space effort reach 
complete fruition and extend our knowledge of 
Earth and Man himself. + 


Food Supply in Space 


It is well known not only that the great sea voyages of discovery took a huge toll in shipwrecked, killed 
and missing mariners, but that on top of this thousands upon thousands died from the consequences of an 
inadequate diet. Christopher Columbus lost about a quarter of his crew through scurvy. In 1760, after 
the Navy’s centuries of wretched experience of this kind, the British Admirality laid down that all its 


vessels had to carry a supply of lemons. 


The spacecraft of today cannot—at least for the time being—count on intermediate ports of call and 
provisioning with fresh victuals. The main consideration is that, on grounds of weight, spacecraft will 
not be in a position to carry adequate quantities of consumable stores on board. Understandably enough, 
therefore, physiologists, biologists, environmental researchers, nutritionists, and others are closely 
engaged on the problem of supplying astronauts with the calories and vitamins they need. 

The contribution which follows is based on research carried out by Republic Aviation Corporation, 
which is chiefly to the credit of William Taufman, Dr. William Telvey, Harold Rind, and Dr. Fred 
Benjamin. The last part of the article is drawn from a lecture entitled “Influence of Lunar and Zero 


Gravity Upon Germination and Growth of Plants, 


which was delivered at the twelfth IAF Congress, 


held this year in Washington. The full text of this paper will be included in the Proceedings of the XIIth 
International Congress, Washington, 1962, to be published next year by Springer-Verlag, Vienna. 


Vy supply of adequate quantities of food, 
oxygen, and water for manned space exploration 
is difficult due to the take-off weights involved. 
Table I shows the daily dietary requirements of 
US man. In round numbers approximately ten 
pounds of supplies are needed per man per day. 
To launch the two tons required per man year 
into an earth orbit would require our largest 
available booster. It is therefore apparent that 
regenerable systems are required for long space 
journeys. 

While other approaches such as chemical 
regeneration are possible, the idealized closed 
ecological system in Fig. J is a biological method 
that can be described as a miniature model of our 
earth’s life support system. Man’s waste products 
are first passed through a water recovery system 
where the water is extracted for re-use. The solids 
are then cycled through a biological nitrogen 
fixation system, where the waste materials are 
processed by plant utilization with water and 
exhaled carbon dioxide. The products of this 
system are oxygen and food for man. 

While this system operates on a planetary 
scale, there are many difficulties in establishing 


Table 1: Average Daily Dietary Allowance for US Man. 
(Age 25 years; height 69 in.; weight 175 Ib.) 





WOE ig Fee ee ee 6.55 Ib 
COOON 2: :« ovu-a aie e/a e se a ne oe 2.00 Ib 
Food (3,900 Calories) 
PUONNE ao. in rh ka eo Nae oe ee 0.18 Ib 
ANDO 05a. eG and soe ee 1.50 Ib 
i RE Bee Po as ee Wn ene 0.22 Ib 
NT. vrei ela ie te eee 0.05 Ib 
1.95 Ib 


Total Supply Weight 10.50 Ib 





and maintaining a balance in a small closed 
system. Consider, for example, the problem of 
maintaining a CO,/O, balance in a system using 
plants where as the plants grow they require 
increasing quantities of CO, and nutrients, 
while the man’s output as well as his requirements 
are essentially constant. 

The optimal solution for a food supply system 
varies with mission endurance. A completely 
stored supply that requires no external power is 
apparently useful only for very short missions. 
A system with stored oxygen and food, with 
water regenerated, has a weight advantage of 
over 100 pounds at 30 days. The crossover time 
of water recovery systems versus stored water is 
only a few days as demonstrated by experimental 
work at Republic Aviation and by others. For 
longer missions (at least 50 days), a fully regener- 
ated method using algae to absorb CO, and 
yield oxygen and food offers more advantages. 
By using higher plants, weight increases 10 to 50 
fold but a more palatable diet may be produced. 
Water requirements will probably be slightly 
greater than for the algae system, and the weight 
of the greenhouse and plant support devices 
imposes a large penalty. 

The principal possibility of weight reduction in 
the Republic Aviation system appeared to lie in the 
greenhouse weight. The weight of the greenhouse 
shell is due mainly to the pressure differences 
between the inside and outer space. A reduction 
in the internal pressure which directly affects the 
weight appeared to offer the best approach. 

In earlier experiments, simple bell jars at four 
pressure levels were used: 5 psia, 8 psia, 11 psia, 
and 14.7 psia (sea level). Because of the size 
limitations of the bell jars as well as inability to 


control temperature and humidity, considerable 
difficulty was experienced with fungus. Therefore 
these early results could not be considered as 
conclusive and in the next series of experiments 
humidity control was obtained by means of a 
condenser coil, Using tap water at 60°F, relative 
humidity levels were lowered to approximately 85 
percent. Growth was not materially affected, 
although less wilting was noted. Fungus, however, 
continued to be a problem. By using a spray 
nozzle for watering and nutrient supply, both 
foliage and root feeding were accomplished. It 
now became possible to control fungus, partly 
by the addition of fungicides which were deposited 
on the leaves and partly by the washing effect of 
the spray. This showed the feasibility of experi- 
mentally growing plants in an unmanned chamber, 
and permitted the planning of a larger experiment 
in a 64cu.ft American Research Altitude Chamber 
with temperature control, pressure control and 
humidity control. 


Perhaps the most important limitation of this 
type of chamber is the inability to perform simple 
internal tasks such as plant staking or measure- 
ments such as leaf area. 


Fig. 2 shows the interior of the chamber about 
two weeks after planting at a simulated altitude of 
18,000 ft. Two different soils were employed, 
both of considerable use to horticulturists. The 
vegetables growing are the common snap-bean, 
which reached maturity, and an Andean grain 
crop which failed to survive. Although this plant 


Fig. 1: Closed ecological system. The human waste mate- 
rials pass first of all into a water separator (1) which 
recovers part of the water for drinking water. After the 
residues have been processed (2), they are combined with 
the remaining water and the exhaled carbon dioxide and 
used in a “plantation” (3) where they are converted into 
oxygen and vegetable foods. A thermostat system regu- 
lates the temperature (4). The necessary energy is obtained 
from the sun. 
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Fig. 2: Republic Aviation Corporation’s altitude chamber 
for vegetable experiments. The bed on the left is filled 
with perlite powder, and the one on the right with vermi- 
culite. Six 40-watt strip lights and two 25-watt bulbs 
provide the energy, while six automatically controlled 
sprays maintain the desired humidity. 


normally grows at 10—15,000 ft, its failure was 
probably due to high relative humidity (60 percent) 
and low light intensity (500f.c.) at the soil surface. 
Another possible reason why many of these seeds 
did not germinate may be illustrated by another 
experiment in which seeds of a wild pineapple plant 
were planted which were obtained at La Paz, 
Bolivia, at an altitude of 12,000 ft (by Dr. Bassett 
Maguire of the New York Botanical Garden). 
These seeds were divided into four groups and 
treated as follows: Group J received no treatment 
and was planted at 14.7 psia; Group II received 30 
seconds of red light and was planted at 14.7 psia; 
Group III received no treatment and was planted 
at 18,000 feet; Group IV received 30 seconds of 
red light and was planted at 18,000 feet. The only 
ones to germinate and grow were group IV 
where all four of the seeds survived. Many further 
experiments in this field have to be carried out and 
it is too early to make any final judgments on the 
possibility of plant growth at reduced atmospheric 
pressure, although this appears feasible. 


Zero Gravity Growth 

The growth of plants during prolonged weight- 
lessness is also a problem in a space feeding pro- 
gram, since it cannot be predicted on the basis of 
earthbound or short-time airborne experiments. 


Fig. 4: Apparatus for plant experiments in a state of 
weightlessness. The pots are fixed on horizontal shafts 
rotated by a synchronous motor through a gear at 1.2 
revolutions per minute. In order to obtain a control com- 
parison, five plants of the same species are placed hori- 
zontally in the second half of the box. 
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In effort to obtain some indications of gravitation- 
al effects an experimental program has been 
undertaken at Republic Aviation. 

In a first series of experiments the growth of 
plants in a normal attitude was compared with 
others in an inverted position. Inverted rye grass 
was shown to grow at a rate approximately one 
third that of normally oriented plants. Unfortu- 
nately, inadequate control of temperature and 
moisture in the apparatus made this test incon- 
clusive. A number of changes were later incor- 
porated in the apparatus to provide better control. 
The light intensity was increased while the heat 
input to the plant was decreased by placing the 
lamps outside the box and using mirrors to 
direct the light. Temperature was maintained 
equal top and bottom by an air circulating system, 
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Fig. 3: Plant arrangement for experiments on growth 
in different gravitational fields. Plants always strive to 
grow contrary to the direction of gravitational force, and 
are attracted to sources of light (L). While a “‘negative”’ 
gravitational force can be obtained by inverting the 
plants, weightlessness is simulated by laying the plants 
horizontally and rotating them about their axis (top 
right). The moon’s gravitational field—a sixth of the 
earth’s—can also be simulated by tilting the plants 914 
from the horizontal. Rotating the plants at this angle of 
inclination only partly neutralises the effect of the earth’s 
gravity and the plants grow under conditions of one-sixth 
of normal gravity, which is equivalent to that of the lunar 
gravitational field. 
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Fig. 5: Effect on water and weight distribution in bush 
bean plants grown under conditions of simulated weight- 
lessness (left) and under normal conditions (right). Ex- 
perimental period two —six weeks. The darker shading 
represents the dry weight; the remainder, water. 


and water was supplied at frequent intervals to 
prevent dehydration. The effects were still not 
satisfactory because the inverted plants tended to 
grow up if the lights were removed even for 
short intervals. 


Since the stimulus-response time of plants is 
characteristically slow, it appeared feasible that 
rotation of the plants about their long axis in a 
horizontal plane and with a cycle period less than 
the response time, could essentially nullify 
geotropic! response. The experiments lasted 2 to 
6 weeks. Fig. 3 illustrates the technique used in 
modifying the effect of gravity in our experiments. 
The plant on the left represents the control in the 
normal one “‘G” position. The inverted plant 
next to it is under a negative one-“‘G” force. The 
zero “G” condition is illustrated by the plant 


shown in the horizontal position. By slowly ro- 
tating the plant in its horizontal attitude each of 
the plants organs, i.e., roots, stems, leaves, etc., 
is subjected alternately to equal negative and 
positive gravitation influences within the geotropic 
response time. In summating, the “‘G’’ force 
acting on each individual cell a zero “‘G”’ effect 
is created in the physiological sense. 

Lunar gravity was simulated by rotation also, 
but with the stems inclined at 914 degrees from 
the horizontal, which resulted in a vector force 
of 1/, “G’’ along the stem? axis. This is based 
upon the simple premise that the vertical ‘““G” 
force can be resolved into two components, one 
component along the axis and the other perpen- 
dicular to the axis of rotation. The perpendicular 
component is effectively nullified by the slow 
rotation of the axis, thereby leaving just the 
remaining component to act on the plant. Con- 
trols in each case were vertica! non-rotating plants 
grown simultaneously with the experimental 
plants and provided with identical temperature, 
water, and light conditions. 

A series of five four inch clay pots were mounted 
on cantilevered shafts which were, in turn, 
supported by bearings imbedded in aluminum 
blocks. The axis of each shaft was rotated at1.2 
r.p.m. by a gear chain mechanism driven by a 
constant speed electric motor. All plants were 
exposed to continuous light. The entire unit was 
encased in a plywood box, the inside of which 
was painted black to eliminate light reflections. 
(Fig. 4). A commercial all purpose type of 
plant food soluble in water was utilized for 
feeding. Water was given in equal amounts to all 
plants. A mixture of peat moss and sterilized 
potting soil was selected for a soil medium. 

Germination development is apparently no 
different in controls and simulated zero and lunar 
gravity. The number of experiments is too small 
to determine the effect on percent of germination. 
In the zero ““G”’ studies there is a marked decrease 
in the weight of the plant*. A climbing type of 
plant was decided upon for these experiments 
because it was assumed that it would be more 
sensitive to gravity than one of the grasses ( Fig.5). 
In the lunar gravity study there was no significant 
difference in weight between experimental and 
control plants. The differences in weight obtained 
from the two types of experiments indicate that 
even a small gravitational force can neutralize 
the detrimental effect of zero gravity upon 
growth.—In view of the results of these studies, 
further investigation seems to be warranted to 
determine the effects of reduced gravity on other 
plant and animal systems. 

* 


This presentation can only give an idea of the 
kind of work being done at Republic Aviation 
Corporation in order to determine the feasibility 
of feeding man in space by growing his own food 
supply. While it has not yet been fully demonstra- 
ted that this is a practical approach, nothing 
which has been done to date has shown that it is 
impossible. There seems no reason to doubt that 
eventually man will be able to develop a biological 
regenerative ecological system capable of sup- 
porting life in space. + 

1 The behaviour of plant growth against the forces 
of gravity. 


2 Any reference to stems is taken here to mean the 
total portion of the plant which is above the root. 

3 This is in contradiction to the results obtained by 
Dolk in his thesis (Utrecht 1930). The difference may 
be due to his having used cultivated oat seedlings whereas 
bush bean seeds were used in our experiments. 
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Catalogue (Ill) 


Launching of the Tiros2 weather observation satellite with 
the Thor-Delta three-stage carrier rocket, fourteen of 
which have recently been ordered by NASA at a total 
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cost of $19 million. They are to be used to launch the 
telecommunication satellites Relay, Syncom and Telestar, 
additional Tiros weather observation satellites and the 
British UK-1 (NASA designation S-51) satellite for iono- 





spheric research. 


Bi year, when taking stock of successful 
Earth satellites and space probes (cf. Interavia 11 
1960, page 1398) we wrote: “‘The next survey may 
well report on the first return of a man from 
space.” This expectation has now been realised. 
In fact, three and a half years elapsed between 
the launching of the first artificial Earth satellite 
and the day when Yuri Gagarin’s spacecraft des- 
cribed one circle round the “globe” (which 
measurements made by American satellites have 
now established as being pear-shaped). Four 
months later, German Titov saw the sun rise and 
set 17 times in the space of 25 hours. 


Launchings between 1957 and 1961 


According to our calculations, between October 
4th, 1957, and mid-November, 1961, a total of 
15 Soviet and 62 US satellites and space probes 
achieved their orbits. 72 of them were Earth 
satellites, although Pioneer 1 and Pioneer 3 burnt 
out in the course of their first orbits. Lunik 2 was 
impacted on the moon, whilst Lunik J, Pioneer 4, 
Pioneer 5, and the Venus probe are in orbits round 
the Sun. 

What of the year-by-year scoreboard for the 
two leading space powers? Whilst only two 
satellites were launched during 1957, both to the 
credit of the USSR, the next year saw one Soviet 
and seven USA successes. In 1959, the score was 
three to the Russians against 11 to the Americans, 
and in 1960 the two powers clocked up 3 and 17 
respectively. In the current year, the Soviets have 
to date released six spacecraft and the American 
score is no less than 27, 


Avoirdupoids 

Comparison shows that the 15 satellites 
launched into space by the USSR weighed 
a total of 96,585 Ib, whereas the weight of the 62 
launched by the USA came to about 68,055 Ib. 
These are orbital weights, which include the 
burnt out final stages of the carrier rockets, insofar 
as these remain attached to the satellites in 
question (except for the Atlas/Score). For Dis- 
coverer 34 and Midas 4, weights have been 
estimated on the basis of data referring to their 
predecessors. In the case of the Soviet Union, the 
average weight of the satellites increased from 
650 Ib in 1957 to 9,845 Ib in 1961, while in the 
USA the average satellite has increased in weight 
from 24.2 lb in 1958 to 1,381 lb in 1961. So much 
for space statistics. 

There is no need to stress that each of the two 
powers is straining every nerve to achieve a con- 
tinual increase in the number and weight of satel- 
lites placed in orbit. 

During the period covered by our present 
report, the Americans continued their trials with 
the Discoverer, Explorer, Midas, Samos, Tiros, 
and Transit satellites, and also added some new 
names. Newcomers were the research satellites 
Lofti, Injun, and Greb, which were borne into 
space by Transits as “‘passengers,”’ with separation 
planned to take place at a certain altitude. Here, 
success was only partial. Lofti failed to separate 
from Transit 3B. Injun and Greb were launched 
with Transit 4A and separated from it, but not 
from each other. In a further experiment, West 
Ford served as “chaperone” for a Midas 4. Other 








highlights of the US space programme were that 
Mercury and Ranger both achieved orbit. The 
Soviets, for their part, continued to launch vehi- 
cles in the Sputnik and space vehicle series and 
complemented these with the Venus probe and 
the two manned Vostoks. 


Carrier Rockets and Launch Bases 


There continues to be a lack of authentic infor- 
mation concerning Russian carrier rockets, but 
these are assumed to be multi-stage vehicles with 
a launching thrust of 800,000 Ib to 880,000 Ib. The 
Americans, on the other hand, are still in the 
65,000 Ib to 385,000 lb class. For the first time, 
the Western space power employed the Scout 
solid propellant rocket, also the Atlas and Thor, 
using the Agena B second stage with re-ignition 
capability. As can be seen from our diagram, 
Thor emerges as the most used, as well as the 
most reliable, carrier rocket first stage. The launch 
of Discoverer 32 by a Thor-Agena B made the 
100th successful Thor launching out of a total of 
129 attempts using this Douglas rocket. 

The American launching sites at Cape Cana- 
veral and Vandenberg or Point Arguello are 
sufficiently well-known. The United States also 
uses the NASA base at Wallops Island. The 
USSR apparently operates from two large launch 
bases, concerning which there continues to be an 
almost total blackout. 

When claiming Gagarin’s space record, the 
USSR was, for the first time, obliged to name one 
launch site. This was Baikonur, located in West 
Siberia, longitude 47° North, latitude 65° East. 
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saevey of Successful Satellites and Space Probes (Continued from INTERAVIA 11/1960. State as at November 1961) 
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* The orbital data quoted are initial values. 


Satellite Form and Content 


The configurations of the satellites range from 
the simple cylinder with nose cone to complex 
instrument pyramids, and include bells, cones, 
drums, globes, balloons and ‘“‘street lamps,”’ not 
to mention the giant swarm of copper needles 
(West Ford). One noteworthy design feature is 
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Transmitter: Unknown; one directional and one whip an- 
tenna. 
Power supply: Unknown. 


the trend towards larger and larger areas to 
accommodate the solar cells. 

The satellites and space probes are equipped 
with various types of instrumentation and equip- 
ment in accordance with their objectives. The 
overwhelming majority of the experiments are 
for radiation research; the measurement data are 
radioed to ground stations, or samples of materials 
which have been subjected to radiation are, pro- 
vided all goes well, returned to Earth. Animals 
or artificial occupants (instrumented ‘“‘figures’’) 
are used to collect data which is indispensable 
for space research but cannot be obtained by 
ground-based simulators. 

The radio equipment in satellites, despite small 
size and minimum power supply, performs 
remarkably well. Vanguard 1’s transmissions, for 
instance, have been going on unceasingly since 


Total orbit weight 
(wy Launching date r 
Lifetime Booster P= 
(W,) Launch point Launch weight Satellite or Space Probe l= 
EXPLORER 8 3 Nov 1960 Four-stage Shape: Double cone, diameter 30 in. — of ionosphere by direct measure- 
(USA) Unknown Juno 2 Equipment: Measuring instruments. a oars af postive and electron composition. Frequency 
ded oat 20,000 Ib Transmitter: Frequency 108 Mc/s; dipole antenna. energy measurement of raha ge gar 
Wi = 90.14 Ib Cape Canaveral 120, Power supply: Mercury batteries. Results: O Orbit achieved (P = 259 mi; A = 1,420 mi; I — 
49.9°; T = 112.7 min). 
DISCOVERER 17 __si12 Nov 1960 — Two-stage Shape: Cylindrical with nose cone, diameter 5 ft, length Objectives: Testin of Agena B second stage, including 
(USA) 14 Nov 1960 Thor-Agena B 25 ft; instrument capsule diameter 33 in, length 27 in. launch method, propu! , data transmission, behaviour 
Equipment: Time switch for jettison of instrument capsule, im Orbit, réc nethod, and testing of new materials 
Wi = 2,100 Ib Vandenberg 115,500 Ib braking rocket, parachute, beacon transmitter, radar amd designs; oF research in the lower Van Allen 
= 300 Ib reflectors; also radiation measurement equipment, micro- belts. 
organisms, emulsion plant spores, human cells, and tracer goss, Polar orbit achieved (P = 116 mi; A = 616 mi; 
light for optical tracking. I = 81.8°; T = 96.45 min); measurements carried out; 
Transmitter: Unknown; one directional and one whip instrument capsule jettisoned after 33 orbits and recovered 
antenna. by a Fairchild C-119 near Hawaii. 
Power supply: Unknown. 
TIROS 2 23 Nov 1960 Three-stage Shape: Drum shaped, diameter 42 in, height 19 in; light | Objectives: Camera and infra-red equipment testing with a 
(USA) 50—100 years Thor-Delta metal and stainless steel airframe. view to obtaining meteorological information. 
Equipment: Two cameras with wide angle and a telephoto _— Results: Orbit achieved (P = 387 mi; A = 453 mi; I = 
Wi = 280 Ib Cape Canaveral 112,000 Ib lens, tape recorders, infra-red and attitude sensors, magnetic _48,.5°; T = 98.2 min); camera with telephoto lens and 
orientation equipment, and torque stabilization rockets. infra-red equipment working satisfactorily; still trans- 
Transmitter: Two 2-watt transmitters, frequency 235 Mc/s; mitting. 
one 3-watt transmitter 237.8 Mc/s; two 30 mW transmitters 
for orbital tracking, 108 and 108.03 Mc/s; rod antennas. 
Power supply: 9,200 solar cells and nickel-cadmium bat- 
teries. 
SPACE VEHICLE 3 1 Dec 1960 — Multi-stage Shape: Cylindrical with nose cone (?). Objectives: Testing of equipment for manned spaceflight 
(USSR) 2 Dec 1960 Unknown Equipment: Measuring instruments and manned space flight | and ascertaining the effect of cosmic radiation on life. 
: ; equipment; capsules containing the dogs Pshelka and Results: Orbit achieved (P = 116 mi; A = 165 mi; I = 
= 10,060 Ib Baikonur (?) Mushka; insects and plants; television camera. 65°; T = 88.6 min); Bega out on re-entry on a non- 
Transmitter: Unknown, frequency 19.995 Mc/s. programmed path in the denser layers of the Earth’s 
Power supply: Chemical batteries. atmosphere. 
DISCOVERER 18 7 Dec 1960— Two-stage Shape: As Discoverer 17. Objectives: As Discoverer 17, except radiation measure- 
(USA) 10 Dec 1960 Thor-Agena B Equipment: Basically as Discoverer 17 plus algae, bone ment. 
marrow, membrane from eyelid, protein substances etc. for Results: Polar achie mr 
We: = 2,100 Ib Vandenberg 115,500 Ib medical and technical research; tracer light for optical |  gg.ge: Sas slid: Nelpeaent capes pitisoend 
tracking. after 48 orbits and 


after covering 1,250,000 mi; recovered 
in flight by a Fairchild C-119 near Hawaii. 


mid-March 1958, and signals from the Pioneer 5 
space probe were received satisfactorily from 
22'4 million miles away. The Soviets had bad 
luck in this respect with their Venus probe, since 
a fortnight after the launching even the large 
radio telescope at Jodrell Bank lost all trace of 
the Soviet planetoid. 


The frequencies on which artificial satellites 
usually transmit are: 9 Mc/s, 15.7 Mc/s and 
20 Mc/s (e.g. the unmanned Soviet space vehicle, 
and the Vostok 1 and Vostok 2 manned vehicles, 
which all circled the earth at relatively low levels); 
54 Mc/s, 108 Mc/s, 136 Mc/s, 143 Mc/s, 162 
Mc/s, 216 Mc/s, 235 Mc/s and 237 Mc/s (the 
transmitters of most research satellites work on 
these frequencies); 324 Mc/s, 922 Mc/s, and 960 
Mc/s. The Soviet Venus probe and the American 
Ranger I spacecraft have transmitted on the two 
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DISCOVERER 19 20 Dec 1960 Two-stage Shape: As Discoverer 17, but no instrument capsule. Objectives: Evaluation of Agena B satellite systems; in- 
(USA) 22 Jan 1961 Atlas-Agena Equipment: Scanning and measuring equipment. pr ee - eee se eapenge Lenape etn of 
eter: + dams aeldeeeiiiiae’ °4 » whip an- fo ’s infr; radiation under the Mi on 
W, = 2,100 Ib Vandenberg 115,500 Ib a ange Unknown; one directional and one whip an Results: Polar orbit achieved (P = 128 mi; =" 323 mi: 
: a , T= 83.4"; = 92 min); transmitted ramets up to 
Power supply: Unknown. 25 Dec 1960; burnt out. 
SAMOS 2 31 Jan 1961 Two-stage Shape: Cylindrical with nose cone, diameter 5 ft, length 22 ft. Objectives: Space, Earth and Earth’s atmosphere monitor- 
(USA) Unknown Atlas-Agena Equipment: Photographic equipment with associated test ing experiments: 
. gear; data transmission, tracking, and command equip- Results: Polar orbit achieved (P about 300 mi; A = 
W: = 4,100 Ib Point Arguello 273,000 Ib ment. about 350 mi; I = sates T = about 95 min); 
Transmission: Unknown. ceased transmission. . 
Power supply: Unknown. : 
SPUTNIK 4**) 4 Feb 1961 Multi-stage Shape: Unknown. Objectives; Testing of new launch and control methods for 
USSR) 26 Feb 1961 Equipment: Radio telemetry system to monitor the para- heavy satellites. 
: meters of vehicle structure and trajectory measurement Results: Orbit achieved (P = 139 mi; A = 204 mi; I = 
W: = 14,293 Ib Unknown Unknown equipment. 64°; T = 89.8 min); satellite burnt out in the denser layers 
: Transmitter: Unknown. of the Earth’s atmosphere. 
Power supply: Unknown. 
VENUS Probe 12 Feb 1961 Multi-stage Shape: Cylindrical body with two large outriggers for solar | Objectives: Measurements in space and in the vicinity of 
(USSR) Unknown cells. Venus; long distance transmission of information. 
W, = 1,419 Ib liniknown Unknown Equipment: Maneurement equipment. a . ps wea seiteion ee tnillion. he ager nk an 2 
Transmitter: Unknown; frequency 922.8 Mc/s; one omni- million mi; inclination to ecliptic = 0.3°; orbital period = 
eee teens ae crossed dipole antennas, one 499 days); radio contact lost on 27 Feb 1960; carrier 
repgpatendrageranbeeaeun satellite orbit (P = 137 mi; A = 174 mi; I = 65°; T = 
Power supply: Solar cells and chemical batteries. 89.6 min). 
EXPLORER 9 16 Feb 1961 Four-stage Shape: Spherical, Mylar plastic aluminium covered balloon, Objectives: Testing of the Scout carrier rocket (solid pro- 
(USA) about | year) Scout inflated diameter 12 ft. pellant motors); determination of air density. 
; Equipment: Inflating device; long-distance data transmis- —__ Resujts: Orbit achieved (P = 395 mi; A = 1,605 mi; I = 
Ww: = 88 Wallops Island Ge sion equipment. ; . 38.63°; T = 118.3 min); balloon tracked optically, as 
Transmitter; One 15 mW transmitter (for orbital tracking) — ¢pansmitter failed to work properly; fourth stage radio 
on balloon, frequency 136 Mc/s; one radio beacon On  eacon transmitted until 25 Feb 1961. 
fourth stage. 
Power supply: 280 solar cells and miniature batteries on 
balloon. 
DISCOVERER 20 17 Feb 1961 Two-stage Shape: As Discoverer 17. Objectives: Testing of Agena B systems and of a modified 
(USA) Unknown Thor-Agena B Equipment: Basically as Discoverer 17, plus optical track- stabilization system. 
; ing equipment and radio beacon. Results: Orbit achieved (P = 177 mi; A = 486 mi; I = 
Wt = 2,450 Ib Vandenberg 115,500 Ib Transmitter: Unknown; one directional and one whip an- _80.43°; T = 95.4 min); since the jettison device for the 
Wp = 300 Ib tenna. instrument capsule failed, recovery was impossible; ceased 
Power supply: Unknown. transmitting. 
DISCOVERER 21 18 Feb 1961 Two-stage | Shape: As Discoverer 19. pope tn As Discoverer 19, plus testing of stabilisation 
(USA) Unknown Thor-Agena B Equipment: As Discoverer 19, plus infrared sensors. and guidance systems. 
: “<4 Transmitter: Unknown; one directional and one whip an- “Results: Dg achieved (P = 149 mi; A = 659 mi; I = 
Vandenberg 115,500 Ib tenna. 80.74°; T = 93.8 min); after first re-ignition of the Agena- 


Wi = 2,100 Ib 


Power supply: Unknown. 


B motor, icbiea period increased ‘by four minutes. 


**) The Soviet satellites SPUTNIK 4 and SPUTNIK 5 tabulated in Jnteravia 11/1960 were SPACE VEHICLE 1 and SPACE VEHICLE 2 respectively. 


latter frequencies. Both were provided with 
parabolic reflectors to focus the waves, enabling 
large distances to be spanned with low trans- 
mission power. 

Power supply is provided almost exclusively by 
chemical batteries, which are in many cases 
charged by solar cells, particularly when it is a 
question of longer periods of operation. Efforts 
are being made to use special surfaces for increas- 
ing the resistance of solar celles to bombardment 
by micrometeorites, and in this way extending 
their life. The Transit 4A navigation satellite is 
the first carrier of an auxiliary nuclear energy 
generator, which directly converts into electric 
current the heat arising from the spontaneous 
disintegration of Plutonium 238. Its life is 
estimated at about one year (cf. picture in Jnter- 
avia 9/1961, page 1252). 


Research Aims and Results 

The Soviets seem for the time being to be con- 
centrating their effort on circling the Earth with 
manned spacecraft and on a later Moon landing. 
The Russian objectives doubtless include being 
the first to reach the Earth’s neighbouring planets. 
The Americans, on the other hand, have a research 
programme which is perhaps a little less ambitious 
but is more comprehensive and already remarka- 
ble for its versatility. Apart from purely funda- 
mental research, the Americans are determined 
to draw practical value from their experiments 
as soon as possible. Their satellites are, for 
instance, to take over certain military reconnais- 
sance duties, serve as navigation aids for air and 
seagoing craft, improve wide area weather 
observation, assist in relieving the strain on data 
transmission resources, and at a future date 


Orbit of the Explorer 10 
magnetic research satellite. 
A = the satellite’s orbit; B = 
Earth; C = Moon; D = area 
of ay magnetic 
fields; E = Van Allen radia- 
tion belt; F = solar radiation. 
The distance from Earth to 
Moon is some 240,000 miles. 





The carrier rockets used since 1958 by the United States 
for successful launchings of satellites and space probes 
are divided into the various types as follows: 1 - Jupiter C 
(three launchings); 2 - Juno 2 (five); 3 -— Vanguard 
(three); 4 - Thor-Able (four); 5 - Thor-AbleStar (five); 
6 - Thor-Agena (ten); 7 - Thor-Agena B (thirteen); 8 - 
Thor-Delta (five); 9 - Atlas (two); 10 - Atlas-Agena 
(two); 11 - Atlas-Agena B (three); 12 - Scout (two). 














render possible the detection of atomic explosions 
(Vela Hotel project). And the results obtained 
to date should be justification for the tremendous 
effort deployed. The information provided by 
Explorer 12 alone fills over 200 magnetic tapes 
day in, day out. Even with the aid of the very 
latest computers, the evaluation of measurement 
data from individual satellites will take years, and 
it will accordingly be some time before conclusions 
can be drawn from much of the information 
already “‘on the file.” 

The orbit for an artificial satellite is selected 
in relation to mission. In the case of manned 
spacecraft, for instance, the main concern was 
to keep below the Van Allen radiation belt, 
whereas research satellites traversed this belt on 
highly eccentric orbits. For ICBM early warning 
satellites, the recommended orbit is one as near 
circular as possible, and relatively high. In some 
cases, attitude stabilization is a pre-requisite of 
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Survey of Successful Satellites and Space Probes (Continued from INTERAVIA 11/1960. State as at November 1961) 


Name 

Total orbit weight 

(Wi Launching date Objectives and results*) 

Payload weight Lifetime Booster P = perigee, A = apogee, 

(W>) Launch point Launch weight Satellite or Space Probe I = inclination, T = orbital period. 





EXPLORER 8 3 Nov 1960 Four-stage 


Shape: Double cone, diameter 30 in. 


Objectives: Investigation of ionosphere by direct measure- 
ment of positive ion and electron composition. Frequency 











(USA) Unknown Juno 2 Equipment: Measuring instruments. I ! 
: ; ; F Transmitter; Frequency 108 Mc/s; dipole antenna. count and energy measurement of micro-meteorites. 
W: = 90.14 Ib Cape Canaveral 120,000 Ib Power supply: Mercury batteries. Results: Orbit achieved (P = 259 mi; A = 1,420 mi; | 
. 49.9°; T = 112.7 min). 
DISCOVERER 17 12 Nov 1960 Two-stage Shape: Cylindrical with nose cone, diameter 5 ft, length Objectives: Testing of Agena B second stage, including 
(USA) 14 Nov 1960 Thor-Agena B 25 ft; instrument capsule diameter 33 in, length 27 in. launch method, propulsion, data transmission, behaviour 
Equipment: Time switch for jettison of instrument capsule, in orbit, recovery method, and testing of new materials 
Wi 2,100 Ib Vandenberg 115,500 Ib braking rocket, parachute, beacon transmitter, radar and designs; radiation research in the lower Van Allen 
Wp = 300 Ib reflectors; also radiation measurement equipment, micro- _ belts. 
organisms, emulsion plant spores, human cells, and tracer Results: Polar orbit achieved (P 116 mi: A 616 mi: 
light for optical tracking. I 81.8°; T = 96.45 min); measurements carried out 
Transmitter: Unknown: one directional and one whip instrument capsule jettisoned after 33 orbits and recovered 
antenna. by a Fairchild C-119 near Hawaii. 
Power supply: Unknown. 
TIROS 2 23 Nov 1960 Three-stage Shape: Drum shaped, diameter 42 in, height 19 in: light Objectives: Camera and infra-red equipment testing with a 
(USA) 50—100 years Thor-Delta metal and stainless steel airframe. view to obtaining meteorological information. 
i . _— 7 5 Equipment: Two cameras with wide angle and a telephoto Results: Orbit achieved (P 387 mi: A 453 mi: I 
Wi 280 Ib Cape Canaveral 112,000 Ib lens, tape recorders, infra-red and attitude sensors, magnetic 48.5°: T 98.2 min); camera with telephoto lens and 


orientation equipment, and torque stabilization rockets. 
Transmitter: Two 2-watt transmitters, frequency 235 Mc/s: 
one 3-watt transmitter 237.8 Mc/s; two 30 mW transmitters 
for orbital tracking, 108 and 108.03 Mc/s: rod antennas. 
Power supply: 9,200 solar cells and nickel-cadmium bat- 
teries. 


infra-red equipment working satisfactorily; still trans- 


mitting. 





SPACE VEHICLE 3 _ 1 Dec 1960 Multi-stage 


Shape: Cylindrical with nose cone (?). 


Objectives: Testing of equipment for manned spaceflight 





(USSR) 2 Dec 1960 Unknown Equipment: Measuring instruments and manned space flight and ascertaining the effect of cosmic radiation on life. 
‘ equipment; capsules containing the dogs Pshelka and Results: Orbit achieved (P = 116 mi; A 165 mi: | 
Wi 10,060 Ib Baikonur (?) Mushka:; insects and plants: television camera. 65°: T 88.6 min); burnt out on re-entry on a non- 
Transmitter: Unknown, frequency 19.995 Mc/s. programmed path in the denser layers of the Earth’s 
Power supply: Chemical batteries. atmosphere. 
DISCOVERER 18 7 Dec 1960 Two-stage Shape: As Discoverer 17. Objectives: As Discoverer 17, except radiation measure- 


(USA) 10 Dec 1960 Thor-Agena B 
W: 2,100 Ib Vandenberg 115,500 Ib 
Wp = 300 lb 


* The orbital data quoted are initial values. 


Satellite Form and Content 
The configurations of the satellites range from 
the simple cylinder with nose cone to complex 
instrument pyramids, and include bells, cones, 
drums, globes, balloons and “street lamps,” not 
to mention the giant swarm of copper needles 
West Ford). One noteworthy design feature is 


Equipment: Basically as Discoverer 17 plus algae, bone 
marrow, membrane from eyelid, protein substances etc. for 
medical and technical research; tracer light for optical 
tracking. 
Transmitter 
tenna. 
Power suppl 


Unknown; one directional and one whip an- 


Unknown. 


the trend towards larger and larger areas to 
accommodate the solar cells. 

The satellites and space probes are equipped 
with various types of instrumentation and equip- 
ment in accordance with their objectives. The 
overwhelming majority of the experiments are 
for radiation research; the measurement data are 
radioed to ground stations, or samples of materials 
which have been subjected to radiation are, pro- 
vided all goes well, returned to Earth. Animals 
or artificial occupants (instrumented “‘figures’’) 
are used to collect data which is indispensable 
for space research but cannot be obtained by 
ground-based simulators. 

The radio equipment in satellites, despite small 
size and minimum power supply, performs 
remarkably well. Vanguard /’s transmissions, for 
instance, have been going on unceasingly since 


ment, 

Results: Polar orbit achieved (P 248 mi; A 459 mi: 
I 80.9°; T 94.1 min); instrument capsule jettisoned 
after 48 orbits and after covering 1,250,000 mi; recovered 
in flight by a Fairchild C-119 near Hawaii. 


mid-March 1958, and signals from the Pioneer 5 
space probe were received satisfactorily from 
22!4 million miles away. The Soviets had bad 
luck in this respect with their Venus probe, since 
a fortnight after the launching even the large 
radio telescope at Jodrell Bank lost all trace of 
the Soviet planetoid. 

The frequencies on which artificial satellites 
usually transmit are: 9 Mc/s, 15.7 Mc/s and 
20 Mc/s (e.g. the unmanned Soviet space vehicle, 
and the Vostok 1 and Vostok 2 manned vehicles, 
which all circled the earth at relatively low levels): 
54 Mc/s, 108 Mc/s, 136 Mc/s, 143 Mc/s, 162 
Mc/s, 216 Mc/s, 235 Mc/s and 237 Mc/s (the 
transmitters of most research satellites work on 
these frequencies); 324 Mc/s, 922 Mc/s, and 960 
Mc/s. The Soviet Venus probe and the American 
Ranger I spacecraft have transmitted on the two 


These silhouettes (scale 1:100) show the following satellites: 
A - Vostok 1; B - Discoverer 17; C - Venus probe; D - Explorer9; 
E - Explorer 10; F - Explorer 11; G - Transit 4A with Injun and 
Greb 3; H - Explorer 13; 1 - Mercury. 


T 
Fb 
i 





1662 INTERAVIA 12/1961 





| a 
¥ ips ah ~ l 
| @.« eo CSS 
;, . one 


F 








DISCOVERER 19 
(USA) 


20 Dec 1960 
22 Jan 1961 


Two-stage 
Atlas-Agena 


Shape: As Discoverer 17, but no instrument capsule. 
Equipment: Scanning and measuring equipment. 
Transmitter: Unknown; one directional and one whip an- 


| Space travel 


Objectives: Evaluation of Agena B satellite systems; in- 
vestigation of atmospheric phenomena, measurement of 
the Earth’s infrared radiation under the Midas programme. 





Ww 2,100 Ib Vandenberg 115,500 Ib nici Results: Polar orbit achieved (P 128 mi; A 323 mi; 
I 83.4°; T = 92 min); transmitted measurements up to 
Power supply: Unknown. : 4 
‘dibs PE 25 Dec 1960; burnt out. 

SAMOS 2 31 Jan 1961 Two-stage Shape: Cylindrical with nose cone, diameter 5 ft, length 22 ft. Objectives: Space, Earth and Earth’s atmosphere monitor- 
(USA) Unknown Atlas-Agena Equipment: Photographic equipment with associated test ing experiments: 

gear; data transmission, tracking, and command equip- Results: Polar orbit achieved (P ‘ 300 mi: A 
W, = 4,100 Ib Point Arguello 273,000 Ib ment. psnlts: Polar orbit ac ( about 300 mi; 


Transmission: Unknown. 
Power supply: Unknown. 


about 350 mi; I 
ceased transmission. 


unknown; T about 95 min); 





SPUTNIK 4**) 
USSR) 


Wi 14,293 Ib 


4 Feb 1961 
26 Feb 1961 


Multi-stage 


Unknown Unknown 


Shape: Unknown. 

Equipment: Radio telemetry system to monitor the para- 
meters of vehicle structure and trajectory measurement 
equipment. 

Transmitter: Unknown. 

Power supply: Unknown. 


Objectives; Testing of new launch and control methods for 
heavy satellites. 

Results: Orbit achieved (P 139 mi; A 204 mi; I 
64°; T = 89.8 min); satellite burnt out in the denser layers 
of the Earth’s atmosphere. 





VENUS Probe 12 Feb 1961 Multi-stage 


Shape: Cylindrical body with two large outriggers for solar 


Objectives: Measurements in space and in the vicinity of 














(USSR) Unknown cells. Venus; long distance transmission of information. 
y . . ement © > Results: Launched from a carrier satellite; Sun orbit 

; Ink ; Equipment: Measurement equipment. : meee mee : a 
W 1,419 Ib Unknown Unknown Si ieeciiiliss EReiibiiiaies: ieaaiiaeai Wiki Wala: dines tii. achieved perihelion 66.7 million mi; aphelion 94.6 

lire a sate J ns ae pid ng oe et vided Macon la . '- million mi; inclination to ecliptic = 0.3°; orbital period 
saeaiaie diceetenal a ee ene. 300 days); radio contact lost on 27 Feb 1960; carrier 
are ec al a e a. . . . . " 
satellite orbit (P 137 mi; A 174 mi; I 65°; 
Power supply: Solar cells and chemical batteries. 89.6 min). 
EXPLORER 9 16 Feb 1961 Four-stage Shape: Spherical, Mylar plastic aluminium covered balloon, Objectives: Testing of the Scout carrier rocket (solid pro- 
(USA) about | year) Scout inflated diameter 12 ft. pellant motors); determination of air density. 
Equipment: Inflating device; long-distance data transmis- Results: Orbit achieved (P = 395 mi: A 1.605 mi: I 
f all i 3 “Guipme 7 ” ‘ : , se are? 
W 80 Ib Wallops Island 6,600 Ib sion equipment. ; 38.63°; 118.3 min); balloon tracked optically, as 
Transmitter: One 15 mW transmitter (for orbital tracking) transmitter failed to work properly; fourth stage radio 
on balloon, frequency 136 Mc/s; one radio beacon on beacon transmitted until 25 Feb 1961. 
fourth stage. 
Power supply: 280 solar cells and miniature batteries on 
balloon. 
DISCOVERER 20 17 Feb 1961 Two-stage Shape: As Discoverer 17. Objectives: Testing of Agena B systems and of a modified 
(USA) Unknown Thor-Agena B Equipment: Basically as Discoverer 17, plus optical track- stabilization system. 

; ing equipment and radio beacon. Results: Orbit achieved (P 177 mi; A 486 mi; | 
Wt = 2,450 Ib Vandenberg 115,500 Ib Transmitter: Unknown; one directional and one whip an- _—_80.43°;_ T = 95.4 min); since the jettison device for the 
Wp = 300 Ib tenna. instrument capsule failed, recovery was impossible; ceased 

Power supply: Unknown. transmitting. 
DISCOVERER 21 18 Feb 1961 Two-stage Shape: As Discoverer 19. Objectives: As Discoverer 19, plus testing of stabilisation 
(USA) Unknown Thor-Agena B Equipment: As Discoverer 19, plus infrared sensors. and guidance systems. 

Transmitter: Unknown: one directional and one whip an- Results: Orbit achieved (P 149 mi; A 659 mi; I 
W; = 2,100 Ib Vandenberg 115,500 Ib ahaa 


**) The Soviet satellites SPUTNIK 4 and SPUTNIK 5 tabulated in /nteravia 11/1960 were SPACE 


latter frequencies. Both were provided with 
parabolic reflectors to focus the waves, enabling 
large distances to be spanned with low trans- 
mission power. 

Power supply is provided almost exclusively by 
chemical batteries, which are in many cases 
charged by solar cells, particularly when it is a 
question of longer periods of operation. Efforts 
are being made to use special surfaces for increas- 
ing the resistance of solar celles to bombardment 
by micrometeorites, and in this way extending 
their life. The Transit 4A navigation satellite is 
the first carrier of an auxiliary nuclear energy 
generator, which directly converts into electric 
current the heat arising from the spontaneous 
disintegration of Plutonium 238. Its life is 
estimated at about one year (cf. picture in Jnter- 
avia 9/1961, page 1252). 


Research Aims and Results 

The Soviets seem for the time being to be con- 
centrating their effort on circling the Earth with 
manned spacecraft and on a later Moon landing. 
The Russian objectives doubtless include being 
the first to reach the Earth’s neighbouring planets. 
The Americans, on the other hand, have a research 
programme which is perhaps a little less ambitious 
but is more comprehensive and already remarka- 
ble for its versatility. Apart from purely funda- 
mental research, the Americans are determined 
to draw practical value from their experiments 
as soon as possible. Their satellites are, for 
instance, to take over certain military reconnais- 
sance duties, serve as navigation aids for air and 
Seagoing craft, improve wide area weather 
observation, assist in relieving the strain on data 
transmission resources, and at a future date 


tenna. 
Power supply: Unknown. 


Orbit of the Explorer 10 
magnetic research satellite. 
A the satellite’s orbit; B = 

Earth; C Moon; D area 
of interplanetary magnetic 
fields; E Van Allen radia- 
tion belt; F = solar radiation. 
The distance from Earth to 
Moon is some 240,000 miles. 





The carrier rockets used since 1958 by the United States 
for successful launchings of satellites and space probes 
are divided into the various types as follows: 1 - Jupiter C 
(three launchings); 2 Juno 2 (five); 3 Vanguard 
(three); 4 - Thor-Able (four); 5 -— Thor-AbleStar (five); 
6 - Thor-Agena (ten); 7 — Thor-Agena B (thirteen); 8 
Thor-Delta (five); 9 Atlas (two); 10 -— Atlas-Agena 
(two): 11 — Atlas-Agena B (three); 12 - Scout (two). 


12 





\ 


80.74°; T = 93.8 min); after first re-ignition of the Agena- 
B motor, orbital period increased by four minutes. 


VEHICLE 1 and SPACE VEHICLE 2 respectively. 


, C 
| an a 





render possible the detection of atomic explosions 
(Vela Hotel project). And the results obtained 
to date should be justification for the tremendous 
effort deployed. The information provided by 
Explorer 12 alone fills over 200 magnetic tapes 
day in, day out. Even with the aid of the very 
latest computers, the evaluation of measurement 
data from individual satellites will take years, and 
it will accordingly be some time before conclusions 
can be drawn from much of the information 
already “‘on the file.” 

The orbit for an artificial satellite is selected 
in relation to mission. In the case of manned 
spacecraft, for instance, the main concern was 
to keep below the Van Allen radiation belt, 
whereas research satellites traversed this belt on 
highly eccentric orbits. For ICBM early warning 
satellites, the recommended orbit is one as near 
circular as possible, and relatively high. In some 
cases, attitude stabilization is a pre-requisite of 
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successful functioning, but in others this is not so. 
Explorer 11, intended for radiation measurement, 
tumbles ten times per minute in its orbit, enabling 
the gamma ray telescope it carries to capture 
radiation from all directions. Thanks to this 
satellite’s Sun and Earth sensors, its position in 
space and thus the provenance of the recorded 
radiation can be determined. 

Amongst this year’s major Soviet successes 
must be ranked the release of a Venus probe 
from an Earth satellite weighing about six tons, 
and the evidence brought back by the Gagarin 
and Titov expeditions that man has work capa- 
bility, albeit restricted, even for extended periods 
of weightlessness. Soviet sources have admitted 
however that, during his 25-hour space flight, 
German Titov did “not feel exactly well” and 
that at times he suffered from functional distur- 
bances. 

One of the most interesting results of more 
recent American satellite research is the finding 
that the equator is not circular but slightly 
elliptical, in fact one axis is 1,000 ft longer than 
the other. In other words, in the vicinity of the 
Galapagos Islands, “‘sea-level’’ is about 500 ft 
nearer the centre of the Earth than it is south 
of Nigeria. The Midas 4, recently placed in orbit, 
successfully detected a Titan ICBM at 90 seconds 
after launch, when the missile was barely 40 
miles up. 

The object of the West Ford experiment already 
referred to,is the transmission of information by 
means of artificial reflection, and also seems to 
have been successful, so much so that indignant 
television viewers on both sides of the Atlantic 
found ghost pictures from far away stations 
appearing on their screens, in a. tion to the 
advertised programme. The Tiros 2 and 3 weather 
satellites are of far more interest to the public at 
large, and the information they provide is placed 
by NASA at the disposal of all interested coun- 
tries. 





















rf Solna Meta Fad 

















































































































The launching on October 27th, 1961, of a Saturn first 
stage with second- and third-stage mockups mounted on 
top was described by NASA as successful; this completed 
the first phase of a several-year development programme 
aimed at the production of large rockets for manned space 
travel. 


One of the many cloud photographs taken by the Tiros 3 
weather observation satellite. Bottom left of the picture 
is the hurricane Annie which, at the time when the photo 
was taken, was roughly 200 miles north of Caracas, Vene- 
zuela. It was photographed by Jiros 3 during its 117th 
orbit; the photo, stored on magnetic tape, was trans- 
mitted to the Point Mugu tracking station in California 
during the 118th orbit. 

> 


Jet Propulsion Laboratory engineers supervise the spreading of the Ranger I's solar cell panels. In space 
these surfaces are automatically directed towards the sun to ensure that the solar cells constantly supply 
their full power of 200 Watts. The conical casing in the background protects the space vehicle during flight 
through the earth’s atmosphere. 
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May we remind any reader who, on finding 
that the Mercury flights of Shepard and Grissom 
do not figure on our table, is reaching for his pen 
in order to write a letter to the Editor, that neither 
of these flights comes into the “round the Earth” 
category. Since these short-duration flights did, 
nonetheless, yield valuable knowledge bearing 
on manned space flight, it seems not inappropriate 
to include the main facts in these notes. The 
astronauts travelled in the well-known Mercury 
capsules (weight about 2,250 Ib), Redstone rockets 
being employed as carrier vehicles. On May Sth, 
1961, Alan B. Shepard, aboard the “Freedom 7,” 
achieved a maximum altitude of 115 miles and 
covered 302 miles in the course of a 15-minute 
flight. Virgil I. Grissom, in the “Liberty Bell 7,” 
was shot up 118 miles and travelled 303 miles in 
16 minutes. Unluckily, Grissom’s capsule sank 
in the Atlantic, but happily he himself was picked 
up by a helicopter. During their penetration of 
the ionosphere, both astronauts spent some five 


minutes in a state of weightlessness. 
* 


Doubtless 1962 will see a further advance in 
the realm of space travel. The USA intends to 
place a Mercury capsule containing a monkey 
into orbit before the end of 1961. If this operation 
is successful, it should not take much longer 
before the first American astronaut circles the 
world. Also on the programme is the launching 


of the TeleStar, Relay, and Syncom long range 
relay satellites, and the ground stations required 
for the transmission of information are in course 
of erection in Great Britain, France, the Federal 
German Republic, and one South American 
country. British and Canadian instruments for 
infra-red research are to be carried aboard the 
UK-1 and S-27 satellites. The Soviets’ next target 
should be to send vehicles with several occupants 
round the Earth. Indeed, if the current rate of 
launchings in West and East is maintained, let 
alone increased, the Earth should before long be 
girdled by a multitude of worn-out satellites, 
carrier rockets, and lost components... a pros- 
pect which should fill the space travellers of 
tomorrow with some apprehension. But the 
answer to the question whether such ‘‘fragments”’ 
of technical progress spell serious danger for the 
regular space traffic of the future awaits our 1970 
space survey. + 
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TRANSIT 3B Two-stage Shape: Spherical, diameter 3 ft. Objectives: Transit 3B experiments for establishing a global 

(USA) Thor-AbleStar Equipment: Measurement equipment. navigation system; improvement of geodetic measurement. 

WwW 250 Ib 21 Feb 1961 Transmitters: Two; frequencies: 54 Mc/s; 324 Mc/s; LOFTI—measurement of long wave signals through the 

, 30 Mar 1961 162 Mc/s; 216 Mc/s; one wide band spiral antenna. ionosphere. 
Cape Canaveral 105.000 Ib Power supply: 6,600 solar cells and chemical batteries. Results: Orbit achieved (P = 117 mi; A = 511 mi; 1 
‘ ernie 28.36°; T = 94.5 min); owing to non-separation of the 

LOFTI Shape: Spherical, diameter 20 in. satellites, Transit’s measurements were adversely affected; 

(USA) Equipment: Measurement equipment. both burnt out in the denser layers of the Earth’s atmo- 
Transmitter: Unknown; four rod antennas. sphere. 

Wi 57 1b Power suppply: Unknown. 

SPACE VEHICLE4 9 Mar 1961 Multi-stage Shape: As Space Vehicle 3. Objectives: As Space Vehicle 3. 

(USSR) 9 Mar 1961 Unknown Equipment: Measuring instruments and manned space  posufes- Orbit achieved (P = 124 mi; A = 155 mi; I = 
equipment; capsules containing the bitch Chernushka, w 


Wi 10,360 Ib 


Baikonur (?) 


guinea pigs, mice, insects, and seed corn. 
Transmitter: Unknown. 
Power supply: Unknown. 


65°; T = about 88 min, calculated); satellite recovered in 
preselected area. 





SPACE VEHICLE 5 
(USSR) 


25 Mar 1961 
25 Mar 1961 


Multi-stage 


Shape: As Space Vehicle 3. 
Equipment: Measuring instruments and manned space 
equipment; capsules containing the bitch Sviosdochka and 


Objectives: As Space Vehicle 3. 
Results; Orbit achieved (P = 111 mi; A = 153 mi; I = 












































Transmitters: Two, frequency 235 Mc/s, for photo trans- 
mission; one, 237.8 Mc/s, for infrared measurement data 
transmission; two, 108 Mc/s and 108.03 Mc/s, for tracking; 
five rod antennas. 

Power supply: 9,260 solar cells and 63 nickel-cadmium 
batteries. 


W 10,350 Ib Baik (?) Uniknoine ' oa eS One 5°; T = about 88 min, calculated); satellite recovered in 
t Aikonur nkno other biological specimens. preselected area. 
Transmitter: Unknown. 
Power supply: Unknown. 
EXPLORER 10 25 Mar 1961 Three-stage Shape: Drum shaped with sphere on conical carrier, drum Objectives: ee apamuanas in the zone of the cislunar 
(USA) Unknown Thor-Delta diameter 19.36 in, cone 13 in, height 52 in. magnetic field 
Y : Equipment: Measuring instruments, including rubidium x 
W: = 87 1b Cape Canaveral 112,000 Ib vapour magnetometer, plasma probe, fluxgate magneto- cress Orbit achieved (P94 mi: yo mc a ho 
meter etc. , off after some 60 hours. 
Transmitter: Unknown; frequency 108 Mc/s; rod antennas. 
Power supply: Chemical batteries. 
DISCOVERER 23 = 8 Ap! 1961 Two-stage Shape: As Discoverer 17. Objectives: Evaluation of Agena B systems, particularly the 
(USA) Unknown Thor-Agena B Equipment: Basically as Discoverer 17, plus external lights Pace ge tes ra osama np guidance es ba 
xs r, ner ed for tracking experiments undertaken by the Smithsonian meee : ved; instrument Ca , Jettiso but 
t = 2,100 Ib Vandenberg 115,500 Ib etuaiianabeeh Ualenianinde failed to return to Earth owing to sta tion difficulties ; 
Wp = 300 Ib onsale einige ened ; capsule trajectory data (P = 126 mi; A = 882 mi; I = 
Transmitter: Unknown; one directional and one whip an- 81.94°; T = 101.2 min); A B second-stage trajectory 
tenna. data (P = 183 mi; A = 388 mi; I = 82.31°; T = 93.8 
Power supply: Unknown. min) ; transmitters ceased working: 
VOSTOK 1 12 Ap! 1961 Multi-stage Shape: Cylindrical with nose cone; diameter 8.7 ft, length Objectives: Testing of equipment for manned space flight. 
(USSR) 12 Apl 1961 approx 33 ft (estimated). Results: First manned space flight; orbit achieved (P = 112 
; Equipment: Measuring instruments. mi; A = 203 mi: I= 65°: T = about 89 min, calculated): 
Wi = 10,417 Ib Baikonur Unknown Crew: Yuri Alekseievich Gagarin. vehicle landed after one orbit near Smelovka. arte 
Transmitter: Unknown; frequency 9.019 Mc/s, 20.006 district, about 500 mi SE of Moscow; flying time 108 min. 
Mc/s, 143.625 Mc/s; several loop antennas. (cf. Interavia 5/1961, page 556.) 
Power supply: Unknown. j 
EXPLORER 11 27 Apl 1961 Four-stage Shape: Eight cornered box, width 12 in, depth 12 in, | Objectives: Ascertaining the origin and distribution of high- 
(USA) 1—3 years Juno 2 length 23.5 in, on a tube length 20.5 in, diameter 6 in; — @nergy gamma rays in space. 
aluminium; the 44 in long fourth stage of the carrier rocket x : . ue Be ted 
Wt = 82 Ib Cape Canaveral 121,000 Ib remains on the satellite. ae pre ro (P= oe = 1,113 mi; eal 
Equipment: Various measuring instruments, including a ni Ye od -1 min); instruments and transmitters work- 
gamma ray telescope. ing as programmed. 
Transmitters: Two 125 mW transmitters for data, frequency 
107.97 Mc/s; one 20/25 mW transmitter for tracking, 108.06 
Mc/s; loop antennas, the body of the satellite also serving 
as an antenna. 
Power supply: Solar cells and twelve nickel-cadmium bat- 
teries. 
DISCOVERER 25 = 16 June 1961 Two-stage Shape: As Discoverer 17. Objectives: As Discoverer 23. 
(USA) 18 June 1961 Thor-Agena B Equipment: Basically as Discoverer 17; also radiation and — Reguits: Orbit achieved (P = 139 mi; A = 252 mi; I = 
: ; micrometeorite measurement equipment and metal 82,)41°; T = 90,87 min); ee orbits instrument capsule 
Wi = 2,100 Ib Vandenberg 115,500 Ib samples. jettisoned and recovered from the Pacific near Seva” 
Wp son. 300 Ib - ; _ ] . > ati P > ; ane. 
Transmitter: Unknown: one directional and one whip an 
tenna. 
Power supply: Unknown. 
TRANSIT 4A Shape: Sixteen sided drum, diameter 43 in, height 31 in. Objectives: Experiments for the establishment of a global 
(USA) Equipment: Data storage system, electric clock. navigation system. 
Transmitters: Four; twelve rod antennas. : : . “is ., oe Ps 
Ww: 175 Ib Power supply: Solar cells, chemical batteries, and nuclear a — ry this: ac os A = 623 mi; I = 
reactor with direct current generator. : Ee 2 + transmitting data. 
Shape: Drum shaped, diameter 16 in, height 13 in. 
ake 7 aon 1961 BS pty Equipment: Radiation measurement equipment. § 
nknown or- tar TN O fi 36.2 N 1 an- : . : 
. a — ne, frequency 136 Ac/s: four rod an Objectives: Injun — ‘Measure t of the intensity of 
t Cape Canaveral ee Sa eS Pee ey wore oe oe cosmic radiation; Greb 3 — Measurement of solar X-rays. 
Power supply: Solar cells and chemical batteries. Results: a orbit achieved, the two satellites did not 
Fa cack shins Te : te (P = 534 mi; A = 634 mi; I = 67°; T = 103.8 
GREB 3 Shape: Spherical, diameter 20 in. sopare ey Tm; 7S ; ; . 
(USA) Equipment: Two X-ray measurement devices. min); both satellites transmitting measurement data. 
Transmitter; One; four rod antennas. 
W: = 551b Power supply: Solar cells and chemical batteries. 
DISCOVERER 26 7 July 1961 Two-stage Shape: As Discoverer 17. Objectives: As Discoverer 23. 
(USA) 9 July.1961 Thor-Agena B Equipment: Basically as Discoverer 17; also chemical ele- —_Resuits: Orbit achieved (P = 146 mi: A = 503 mi; I = 
: ments, erosion measurement equipment, investigation of  g2.93°; T = 95 min); after 33 orbits instrument capsule 
W, - Je > »ro ic ateorite effectc s 
7 pee Ib Vandenberg 115,500 Ib micrometeorite effects. gb as jettisoned and recovered by a Fairchild C-119 in flight near 
p b Transmitter: Unknown; one directional and one whip an- — pjgwaji. 
tenna. 
Power supply: Unknown. 
TIROS 3 12 July 1961 Three-stage Shape: Drum shaped; diameter 42 in, height 19 in. Objectives: Weather observation satellite develop- 
(USA) Over 3 months Thor-Delta Equipment: Two cameras with wide-angle lenses, tape is; deter 
ders, electric clocks, infrared c: as. 
W, — 285 Ib — 112,000 tb recorders, electric clocks, infrared cameras 
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successful functioning, but in others this is not so. 
Explorer 11, intended for radiation measurement, 
tumbles ten times per minute in its orbit, enabling 
the gamma ray telescope it carries to capture 
radiation from all directions. Thanks to this 
satellite’s Sun and Earth sensors, its position in 
space and thus the provenance of the recorded 
radiation can be determined. 

Amongst this year’s major Soviet successes 
must be ranked the release of a Venus probe 
from an Earth satellite weighing about six tons, 
and the evidence brought back by the Gagarin 
and Titov expeditions that man has work capa- 
bility, albeit restricted, even for extended periods 
of weightlessness. Soviet sources have admitted 
however that, during his 25-hour space flight, 
German Titov did “not feel exactly well’ and 
that at times he suffered from functional distur- 
bances. 

One of the most interesting results of more 
recent American satellite research is the finding 
that the equator is not circular but slightly 
elliptical, in fact one axis is 1,000 ft longer than 
the other. In other words, in the vicinity of the 
Galapagos Islands, *‘sea-level’’ is about 500 ft 
nearer the centre of the Earth than it is south 
of Nigeria. The Midas 4, recently placed in orbit, 
successfully detected a Titan ICBM at 90 seconds 
after launch, when the missile was barely 40 
miles up. 

The object of the West Ford experiment already 
referred to,is the transmission of information by 
means of artificial reflection, and also seems to 
have been successful, so much so that indignant 
television viewers on both sides of the Atlantic 
found ghost pictures from far away stations 
appearing on their screens, in a.. tion to the 
advertised programme. The Jiros 2 and 3 weather 
satellites are of far more interest to the public at 
large, and the information they provide is placed 
by NASA at the disposal of all interested coun- 
tries. 






































































































































The launching on October 27th, 1961, of a Saturn first 
stage with second- and third-stage mockups mounted on 
top was described by NASA as successful; this completed 
the first phase of a several-year development programme 
aimed at the production of large rockets for manned space 
travel. 


One of the many cloud photographs taken by the Tiros 5 
weather observation satellite. Bottom left of the picture 
is the hurricane Annie which, at the time when the photo 
was taken, was roughly 200 miles north of Caracas, Vene- 
zuela. It was photographed by Tiros 3 during its 117th 
orbit; the photo, stored on magnetic tape, was trans- 
mitted to the Point Mugu tracking station in California 
during the 118th orbit. 

co 


Jet Propulsion Laboratory engineers supervise the spreading of the Ranger I's solar cell panels. In space 
these surfaces are automatically directed towards the sun to ensure that the solar cells constantly supply 
their full power of 200 Watts. The conical casing in the background protects the space vehicle during flight 
through the earth’s atmosphere. 
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May we remind any reader who, on finding 
that the Mercury flights of Shepard and Grissom 
do not figure on our table, is reaching for his pen 
in order to write a letter to the Editor, that neither 
of these flights comes into the “round the Earth” 
category. Since these short-duration flights did, 
nonetheless, yield valuable knowledge bearing 
on manned space flight, it seems not inappropriate 
to include the main facts in these notes. The 
astronauts travelled in the well-known Mercury 
capsules (weight about 2,250 Ib), Redstone rockets 
being employed as carrier vehicles. On May Sth, 
1961, Alan B. Shepard, aboard the “‘Freedom 7,” 
achieved a maximum altitude of 115 miles and 
covered 302 miles in the course of a 15-minute 
flight. Virgil I. Grissom, in the ‘‘Liberty Bell 7,” 
was shot up 118 miles and travelled 303 miles in 
16 minutes. Unluckily, Grissom’s capsule sank 
in the Atlantic, but happily he himself was picked 
up by a helicopter. During their penetration of 
the ionosphere, both astronauts spent some five 
minutes in a state of weightlessness. 


Doubtless 1962 will see a further advance in 
the realm of space travel. The USA intends to 
place a Mercury capsule containing a monkey 
into orbit before the end of 1961. If this operation 
is successful, it should not take much longer 
before the first American astronaut circles the 
world. Also on the programme is the launching 





of the TeleStar, Relay, and Syncom long range 
relay satellites, and the ground stations required 
for the transmission of information are in course 
of erection in Great Britain, France, the Federal 
German Republic, and one South American 
country. British and Canadian instruments for 
infra-red research are to be carried aboard the 
UK-1 and S-27 satellites. The Soviets’ next target 
should be to send vehicles with several occupants 
round the Earth. Indeed, if the current rate of 
launchings in West and East is maintained, let 
alone increased, the Earth should before long be 
girdled by a multitude of worn-out satellites, 
carrier rockets, and lost components... a pros- 
pect which should fill the space travellers of 
tomorrow with some apprehension. But the 
answer to the question whether such “‘fragments”’ 
of technical progress spell serious danger for the 
regular space traffic of the future awaits our 1970 
space survey. + 








TRANSIT 3B 
(USA) 


W 250 Ib 


“LOFTI 
(USA) 
W, — 571b 


Two-stage 
Thor-AbleStar 
21 Feb 1961 
30 Mar 1961 


Cape Canaveral 105,000 Ib 


Shape: Spherical, diameter 3 ft 

Equipment: Measurement equipment. 

Transmitters: Two: frequencies: 54 Mc/s; 324 Me/s: 
162 Mc/s: 216 Mc/s; one wide band spiral antenna. 
Power supply: 6,600 solar cells and chemical batteries. 








Shape: Spherical, diameter 20 in. 
Equipment: Measurement equipment. 
Transmitter: Unknown; four rod antennas 
Power suppply: Unknown. 
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Objectives: Transit 3B experiments for establishing a global 
navigation system; improvement of geodetic measurement. 
LOFTI—measurement of long wave signals through the 
ionosphere. 

Results: Orbit achieved (P 117 mi; A S511 mi; 1 
20,20": 7. 94.5 min); Owing to non-separation of the 
satellites, Transit’s measurements were adversely affected; 
both burnt out in the denser layers of the Earth’s atmo- 
sphere. 





SPACE VEHICLE 4 
(USSR) 


W; 10,360 Ib 


9 Mar 1961 
9 Mar 1961 


Multi-stage 
Unknown 


Baikonur (?) 





Shape: As Space Vehicle 3. 

Equipment: Measuring instruments and manned 
equipment; capsules containing the bitch 
guinea pigs, mice, insects, and seed corn. 
Transmitter: Unknown. 

Power supply: Unknown. 


space 
Chernushka, 





SPACE VEHICLES 
(USSR) 


W 10,350 Ib 


25 Mar 1961 
25 Mar 1961 


Multi-stage 


Baikonur (?) Unknown 


Objectives: As Space Vehicle 3. 

Results: Orbit achieved (P 124 mi; A 155 mi; I 
aes about 88 min, calculated); satellite recovered in 
preselected area. 





Shape: As Space Vehicle 3. 
Equipment: Measuring instruments and manned space 
equipment; capsules containing the bitch Sviosdochka and 
other biological specimens 


Transmitter: Unknown. 


Power supply: Unknown 


Objectives: As Space Vehicle 3. 


Results: Orbit achieved (P lll mi; A 153 mi; I 
63-3. about 88 min, calculated); satellite recovered in 
preselected area. 





EXPLORER 10 


25 Mar 1961 Three-stage 


Shape: Drum shaped with sphere on conical carrier, drum 


including rubidium 
vapour magnetometer, plasma probe, fluxgate magneto 


Transmitter: Unknown; frequency 108 Mc/s; rod antennas. 





Objectives: Measurements in the zone of the cislunar 
magnetic field. 


Results: Orbit achieved (P = 94 mi; A 112,500 mi; ! 


33°22 about 112 hours); radio communication broke 
off after some 60 hours. 





(USA) Unknown Thor-Delta diameter 19.36 in, cone 13 in, height 52 in. 
Equipment: Measuring instruments, 
WwW; 87 Ib Cape Canaveral 112,000 Ib 
meter etc. 
Power supply: Chemical batteries. 
DISCOVERER 23 8 Apl 1961 Two-stage Shape: As Discoverer 17 


(USA) 


Unknown Thor-Agena B 


Equipment: Basically as Discoverer 17, plus external lights 
for tracking experiments undertaken by the Smithsonian 


Objectives: Evaluation of Agena B systems, particularly the 
improved propulsion, stabilization and guidance systems. 
Results: Orbit achieved; instrument capsule jettisoned but 












































Wi 2,100 Ib Vandenberg 115,500 Ib Astrophysical Laboratory failed to return to Earth owing to stabilization difficulties; 
W, = 300 lb gina ee oer capsule trajectory data (P 126 mi; A 882 mi; I 
Transmitter: Unknown: one directional and one whip an- 81.94°: T 101.2 min); Agena B second-stage trajectory 
tenna. data (P 183 mi; A 388 mi; I By Re i 93.8 
Power supply: Unknown. min); transmitters ceased working. 
VOSTOK 1 12 Ap! 1961 Multi-stage Shape: Cylindrical with nose cone; diameter 8.7 ft, length Objectives: Testing of equipment for manned space flight. 
(USSR) 12 Apl 1961 approx 33 ft (estimated). Results: First manned space flight; orbit achieved (P = 112 
W, —~ 10417 1b Baikonur Unk Equipment: Measuring instruments mi; A = 203 mi; I = 65°; T = about 89 min, calculated); 
' : aikonur nknown Crew: Yuri Alekseievich Gagarin. — : vehicle landed after one orbit near Smelovka, Saratov 
Transmitter’ Unknown; frequency 9.019 Mc/s, 20.006 district, about 500 mi SE of Moscow; flying time 108 min. 
Mc/s, 143.625 Mc/s; several loop antennas. (cf. Interavia 5/1961, page 556.) 
Power supply: Unknown. 
EXPLORER 11 27 Apl 1961 Four-stage Shape: Eight cornered box, width 12 in, depth 12 in, Objectives: Ascertaining the origin and distribution of high- 
(USA) 1—-3 years Juno 2 length 23.5 in, on a tube length 20.5 in, diameter 6 in; energy gamma rays in space. 
aluminium: the 44 in long fourth stage of the carrier rocket Nee eS . ae = se 
WwW: 82 Ib Cape Canaveral 121,000 Ib remains on the satellite. reps pe are oA (P = 304 mi; - 1,1 13 mi; I: k 
Equipment: Various measuring instruments, including a ape ua ea instruments and transmitters work- 
gamma ray telescope. ing As Programmes, 
Transmitters: Two 125 mW transmitters for data, frequency 
107.97 Mc/s: one 20/25 mW transmitter for tracking, 108.06 
Mc/s: loop antennas, the body of the satellite also serving 
as an antenna. 
Power supply: Solar cells and twelve nickel-cadmium bat- 
teries. 
DISCOVERER 25 16 June 1961 Two-stage Shape: As Discoverer 17 Objectives: As Discoverer 23. 
(USA) 18 June 1961 Thor-Agena B Equipment: Basically as Discoverer 17; also radiation and Results: Orbit achieved (P 139 mi; A 252 mi; | 
micrometcorite measurement equipment and metal S2-45°- T 90.87 min): after 33 orbits instrument capsule 
J 2? “nberg orl : - 
Wi 2,100 Ib Vandenberg 115,500 Ib samples. jettisoned and recovered from the Pacific near Hawaii. 
Wp = 300 Ib . ; ; 
Transmitter: Unknown: one directional and one whip an 
tenna. 
Power supply: Unknown. 
TRANSIT 4A Shape: Sixteen sided drum, diameter 43 in, height 31 in Objectives: Experiments for the establishment of a global 
(USA) Equipment: Data storage system, electric clock. navigation system. 
Transmitters: Four; twelve rod antennas. } P : ; 
W; 175 Ib Power supply: Solar cells, chemical batteries, and nuclear oe a aia oa <p = 623 mi; I 
reactor with direct current generator. . EGY, SRRSTUNg Cae. 
we ‘ Shape: Drum shaped, diameter 16 in, height 13 in. 
INJUN 29 June 1961 Two-stage Equipment: Radiation measurement equipment. 
(USA) Unknown Thor-AbleStar Transmitter: One, frequency 136.2 Me/s: four rod an- Re : . . . 
phosesceto : Objectives: Injun Measurement of the intensity of 
Wi 40 Ib Cape Canaveral faitg . cosmic radiation; Greb 3 —- Measurement of solar X-rays 
: wiih Power ly: Solar cells and chemical batteries. ; ; : : says. 
POY SPY: SOE CORE GRE CARENGR TTTETERS. Results: Although orbit achieved, the two satellites did not 
GREB 3 Shape: Spherical, diameter 20 in. separate (P 534 mi; A = 634 mi; I = 67°; T 103.8 
(USA) Equipment: Two X-ray measurement devices. min); both satellites transmitting measurement data. 
Transmitter: One; four rod antennas. 
Wi 55 Ib Power supply: Solar cells and chemical batteries. 
DISCOVERER 26 7 July 1961 Two-stage Shape: As Discoverer 17 Objectives: As Discoverer 23. 
(USA) 9 July 1961 Thor-Agena B Equipment: Basically as Discoverer 17; also nn ~ Results: Orbit achieved (P 146 mi; A = 503 mi; I 
: ments, erosion measurement equipment, investigation o 82.93°: T 95 min); after 33 orbits instrument capsule 
m= 3 andenbere Se ocetab atin ain Saar ; “thsak See 
W. ppb Ib Vandenberg 115,500 Ib micrometeorite effects. jettisoned and recovered by a Fairchild C-119 in flight near 
D 00 Ib Transmitter: Unknown: one directional and one whip an- Hawaii. 
tenna. 
Power supply: Unknown. 
TIROS 3 12 July 1961 Three-stage Shape: Drum shaped; diameter 42 in, height 19 in. Objectives: Weather observation satellite system develop- 
(USA) Over 3 months Thor-Delta Equipment: Two cameras with wide-angle lenses, tape Ment tests, cloud photography for weather analysis; deter- 
Ww - , recorders, electric clocks, infrared cameras. mination of solar energy absorbed and reflected by the 
t 285 Ib Cape Canaveral 112,000 Ib Earth. 


Transmitters: Two, frequency 235 Mc/s, for photo trans- 
mission; one, 237.8 Mc/s, for infrared measurement data 
transmission; two, 108 Mc/s and 108.03 Mc/s, for tracking; 
five rod antennas. 

Power supply: 9,260 solar cells and 63 nickel-cadmium 
batteries. 


Results: Orbit achieved (P = 461 mi; A = 506 mi; I = 
47.8°; T = 100.4 min); transmitting high quality photos 
and measurement data (cf Jnteravia 10/1961, page 1414). 
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Transmitter: Unknown; frequency 20.005 Mc/s; one direc- 
tional and one whip antenna. 
Power supply: Unknown. 


MIDAS 3 12 July 1961 Two-stage Shape: Cylindrical with nose cone; diameter 5 ft, length Objectives: Testing of long-range rocket launch detection 
(USA) Unlimited Atlas-Agena B 30 ft. equipment. ; ? : 
; Equipment: Measurement equipment sensors. Results: Polar orbit achieved (P ™% 1,850 mi; A = 1,850 
Wi 3,500 Ib Point Arguello 263,500 Ib Transmitters: Unknown. mi; 1 = Unknown; T = 160 min); the Agena B second- 
Power supply: Unknown stage motor was re-ignited in space in order to put the 
' ' satellite into a circular trajectory. 
VOSTOK 2 6 Aug 1961 Multi-stage Shape: As Vostok 1. ee agra testing a iad oF ean rok human 
USSR 7 Aug 1961 “auipment: Measurement equipment. work capability during extended period of weightlessness. 
‘ ; ' exceeding rit ; _ = pvmnneecarte ——_ Results; Second manned space flight. Orbit achieved (P - 
Wt = 10,430 1b Baikonur 880,000 Ib PN cl RR Oe aie AUER an 15.765 Mc/s. 19.995 Mc 110 mi; A = 160 mi; I = 65°; T = 886 min); after 17 
(estimated) Transmitters: Four; op gon 2199 MEETS, EA IS» obits vehicle landed in the Saratov district, about 500 mi 
20.006 Mc/s, and 143.625 Mc/s. SE of Moscow; flight time 25 hours 18 min. (cf. Interavia 
Power supply: Unknown 9/1961, page 1179). 
EXPLORER 12 15 Aug 1961 Three-stage Shape: Cone with octagonal base, diameter 27 in, height 19 Objectives: Investigation of solar winds, inter-planetary — 
(USA) about | year Thor-Delta in; four “paddles” for solar cells. magnetic fields, distant portions of the Earth’s magnetic 
Equipment: Equipment for determination of protons and __ field, and of charged particles in inter-planetary space and 
Wi = 83 1b Cape Canaveral 112,000 Ib electrons and their relationships to magnetic fields; optical the Van Allen belts. 
attitude sensors. Results: Highly eccentric orbit achieved (P = 180 mi; A 
Transmitter: One 2W transmitter, frequency 136.02 Mc/s; 47,800 mi; I = 33.3°; T = 26 hours 25 min); transmitting © 
four rod antennas. measurement data. 
Power supply: 5,600 solar cells and 13 silver-cadmium 
batteries. 
RANGER 1 23 Aug 1961 Two-stage Shape: Complex (see photo), base diameter 5 ft, height Objectives: Functional testing of attitude control system, — 
(USA) 29 Aug 1961 Atlas-Agena B 11 ft. power supplies, and data transmission; ascertaining the © 
Equipment: Electro-static analyser for solar plasma; semi- life of individual components under space conditions; 
= 675 Ib Cape Canaveral 275,000 Ib conductor detectors and Geiger counters; ionization scientific investigation of fields and charged particles and 
chamber; rubidium vapour magnetometer; X-ray scintilla- | of the X-ray spectra of solar radiation; observation of the 
tion counter; Lyman Alpha telescope; micrometeorite —" hydrogen clouds; investigation of inter-planetary 
detector. st 
Transmitters: One 0.25 W transmitter, frequency 960.1 Results: Instead of the planned orbit —— far into 
Mc/s; one 3W transmitter, 960.05 Mc/s; one 0-dB antenna, space, achieved only a low Earth orbit (P = 105 mi; A = 
and one 18 dB dish antenna. 313 mi; I = 32.9°; T = 91.1 min); functional testing | 
Power supply: 8,680 solar cells, one silver-zinc battery, nevertheless possible: burnt out in the Earth’s atmosphere. 
several smaller power systems. (cf. Interavia 10/1961, page 1413). 
EXPLORER 13 25 Aug 1961 Four-stage Shape: Cylindrical; diameter 24 in, length 76 in; mainly of | Objective; Testing of carrier rockets; investigation of” 
(USA) 29 Aug 1961 Scout stainless steel. micrometeorites and their effects on spacecraft. ; 
Equipment: Five types of detectors. F : ; a3 ., Bx i 
We = 187 Ib Wallops Island 36,600 Ib Transmitters: Two; frequencies 136.86 Mc/s and 136.2 Seas bie pgp BL eA ort fi Po. oan of. 
Wp = 125 1b Mc/s; four rod antennas. Earth’s atmosphere. 
Power supply: Solar cells and nickel-cadmium batteries. 
DISCOVERER 29 = 30 Aug 1961 Two-stage Shape: As Discoverer 17. Objectives; As Discoverer 23. 
(USA) 1 Sept 1961 Thor-Agena B Equipment: Basically as Discoverer 17, plus measurement Results: Orbit achieved (P = 140 mi; A = 245 mi; I = 
: equipment. 82.14°; T = 91 min); after 33 orbits instrument capsule 
at eo Vandenberg 115,500 Ib Transmitter: Unknown; one directional and one whip an- _ jettisoned and recovered from the Pacific near Hawaii. 
Ae tenna. 
Power supply: Unknown. 
DISCOVERER 30 12 Sept 1961 Two-stage Shape: As Discoverer 17 Objectives: As Discoverer 23; investigation of radiation 
(USA) 14 Sept 1961 Thor-Agena B Equipment: Basically as Discoverer 17; also measuring effects. 
' equipment, biological specimens, solar cells, radiation sen- Results: Polar orbit achieved (P = 154 mi; A = 345 mi; 
= 2,100 Ib Vandenberg 115,500 Ib sitive material. = unknown; T = 92.66 min); after 33 orbits instruments 
a 300 Ib Transmitter: Unknown; one directional and one whip capsule jettisoned and recovered by a Lockheed C-130 in 
antenna. flight near Hawaii. 
Power supply: Unknown. 
MERCURY MA-4 13 Sept 1961 One-stage Shape: Bell shaped; base diameter 6 ft, height 3.6 ft. Objectives: Testing of systems and ground installations 
(USA) 13 Sept 1961 Atlas D Equipment: All equipment necessary for manned space (Orbital tracking stations) for manned space flight. é 
: flight, also an astronaut simulator with prerecorded tapes; Results: Orbit achieved (P = 100 mi; A = 158.6 mi; I = 
t = 2,700 Ib Cape Canaveral 260,000 Ib tape recorder; three cameras; vibration, acceleration and 32.57°; T = 88.6 min, calculated); capsule returned to— 
temperature measurement equipment. Earth after one orbit (flight time 1 hour 49 min) and was 
Transmitter: Unknown. recovered from the Atlantic some 160 miles E of the Ber- 
Power supply: Chemical batteries. mudas. ; 
DISCOVERER 31 17 Sept 1961 Two-stage Shape: As Discoverer 17. Objectives; As Discoverer 23. { 
(USA) about 2 months Thor-Agena B Equipment: Basically as Discoverer 17 plus measurement Reais: Polar orbit achieved (P = 152 mi; A = 255 mi; 
equipment. = 82.7° T = 91 min); dueto malfunction of the jettison | 
Wt = 2,100 Ib Vandenberg 115,500 Ib Transmitter; Unknown: one directional and one whip Each th the instrument capsule remained in the satellite. _ 
Wp = 300 Ib antenna. g 
Power supply: Unknown. 4 
—— 
DISCOVERER 32 13 Oct 1961 Two-stage Shape: As Discoverer 17. Objectives: As Discoverer 23; determination of the effi 
(USA) 14 Oct 1961 Thor-Agena B Equipment: Basically as Discoverer 17, also measurement  cieney Of various metals as radiation screens; radio wae 
: equipment; metal samples; plant seeds; radiation screen-  imvestigations (ionosphere effect). 
wi Naso gg Vandenberg 115,500 tb ing material; solar cells. Results: Polar orbit achieved (P = 147 mi; A = 246 mi; 


1 = 81.69°; T = 90.84 min); after 18 orbits instrumeal 
capsule jettisoned and recovered in flight by a Lockheed” 
C-130 near Hawaii. 4 









MIDAS 4 21 Oct 1961 
(USA) unlimited 
Wi = 3,500 Ib Point Arguello 








21 Oct 1961 
about 7 years 


Point Arguello 


Two-stage 


Atlas Agena B 


Shape: Cylindrical with nose cone: 
Equipment: Measurement equipment, sensors. 
Transmitter: Unknown. 

Power supply: Unknown. 


Objectives: Testing of long-range rocket launch detectio : 
equipment. 


Results: Polar orbit achieved (P = 2,100 mi; 
I = unknown; T = unknown). 















Shape: 350 million short copper threads which form a ring 
round the Earth, about 5 miles thick and about 25 miles 


wide. 

Equipment: None. 
Transmitter: None. 
Power supply: None. 










Objectives: Radio wave reflection. 
Results: As Midas 4; reflects waves in the UHF and 
frequency range. 












5 Nov 1961 
Unknown 


. Vandenberg 
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Shape: Cylindrical with nose cone. 

Equipment: Basically as Discoverer 17 plus measurement 
equipment. 
Transmitter : 
antenna. 
Power supply: Unknown. 


Unknown; 


one directional and one whip 





Objectives: As Discoverer 23. 


Results: Polar orbit achieved; data unknown; recovery of 
capsule not intended. ig 
f 
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TRI- 


SERVICE 
RYAN FIREBEES 


keep more U.S. combat teams “on target’ than all other jet targets combined! 


WITH THE AIR FORCE 


Ryan Firebees were again the only 
jet targets used at the Air Force’s 
World Wide Weapons Meet, Wil- 
liam Tell — 1961, in October. This is 
the third time Firebees have been 
selected for this important meet 
since 1958 when the Firebee pio- 
neered the use of free-flying targets 
at a weapons meet. This year, squad- 
rons of the U.S. Air Force’s best 
Century Series fighter-interceptors 
pitted their skills against Q-2C’s, the 
most reliable “enemy” jet target to 
challenge the Air Defense Command. 


WITH THE NAVY 


Since 1956, earlier version Ryan 
Firebees have made hundreds of 
operational flights with the U.S. 
Navy. Today, the newest Firebee, the 
transonic Q-2C, is operational with 
Fleet units of the Navy and ordered 
in quantity for extensive use. Fire- 
bees pioneered as the first jet targets 
selected for Navy Weapons Meets — 
at Operation “Top Gun?’ in 1959 — 
and have established unmatched rec- 
ords of reliability for continuous on- 
range performance at these extended 
military competitions. 


No other target compares with the recoverable Ryan Firebee for high-speed, 
high-altitude reliability and low cost per target mission. Ryan Aerospace — 
Ryan Aeronautical Company, San Diego, California. 


WITH THE ARMY 


Firebees are flying at White Sands 
Missile Range under Ryan logistics 
crews who assemble, fly and main- 
tain the jet targets, in coordination 
with U.S. Army missile teams. For 
Army low-level target needs, Ryan 
developed the successful Firebee 
ground launch capability, in 1959, 
which is now available to all Mili- 
tary Services with all Firebees. 
Newest Army Firebees are transonic 
124-E targets now used to evaluate 
Army missiles for both low and high 
altitude performance. 


RYAN 


a ae 
AEROSPACE 











| Space travel | 








FB a test al 
MIDAS 3 12 July 1961 Two-stage Shape: Cylindrical with nose cone; diameter 5 ft, length Objectives: Testing of long-range rocket launch detection 
(USA) Unlimited Atlas-Agena B 30 ft. equipment. 
Equipment: Measurement equipment sensors. Results: Polar orbit achieved (P 1,850 mi; A 1,850 
Wi 3,500 Ib Point Arguello 263,500 Ib Transmitters: Unknown. mi; I Unknown; T 160 min); the Agena B second- 
Baise supply nknown. stage motor was re-ignited in space in order to put the 
satellite into a circular trajectory. 
VOSTOK 2 6 Aug 1961 Multi-stage Shape: As Vostok 1. Objectives: Systems testing and determination of human 
(USSR) 7 Aug 1961 , Equipment; Measurement equipment. work capability during extended period of weightlessness. 
exceeding Crew: German Stepanovich Titov. Results; Second manned space flight. Orbit achieved (P 
Wi 10,430 Ib Baikonur 880,000 Ib : a gr: 4 oe ' 9 905 ; 110 mi; A 160 mi; I 65°; T = 886 min); after 17 
(estimated) Transmitters: Four; frequencies 15.765 Mc/s, 19.995 Mc/s, opbits vehicle landed in the Saratov district, about 500 mi 


20.006 Mc/s, and 143.625 Mc/s. 
Power supply: Unknown 


SE of Moscow; flight time 25 hours 18 min. (cf. Jnteravia 
9/1961, page 1179). 





EXPLORER 12 
(USA) 


Wi 83 Ib 


15 Aug 1961 
about | year 


Cape Canaveral 


Three-stage 
Thor-Delta 


112,000 Ib 


Shape: Cone with octagonal base, diameter 27 in, height 19 
in; four “paddles” for solar cells. 

Equipment: Equipment for determination of protons and 
electrons and their relationships to magnetic fields; optical 
attitude sensors. 

Transmitter; One 2W transmitter, frequency 136.02 Mc/s; 
four rod antennas. 

Power supply: 5,600 solar cells and 13. silver-cadmium 


Objectives: Investigation of solar winds, inter-planetary 
magnetic fields, distant portions of the Earth’s magnetic 
field, and of charged particles in inter-planetary space and 
the Van Allen belts. 

Results: Highly eccentric orbit achieved (P = 180 mi; A 
47,800 mi; I = 33.3°; T = 26 hours 25 min); transmitting 
measurement data. 





RANGER 1 
(USA) 


Wi 675 Ib 


23 Aug 1961 
29 Aug 1961 


Cape Canaveral 


Two-stage 
Atlas-Agena B 


275,000 Ib 


batteries. 
Shape: Complex (see photo), base diameter 5 ft, height 
11 ft. 


Equipment; Electro-static analyser for solar plasma; semi- 
conductor detectors and Geiger counters; ionization 
chamber; rubidium vapour magnetometer; X-ray scintilla- 
tion counter; Lyman Alpha telescope; micrometeorite 
detector. 

Transmitters: One 0.25 W transmitter, frequency 960.1 
Mc/s: one 3W transmitter, 960.05 Mc/s; one 0-dB antenna, 
and one 18 dB dish antenna. 

Power supply: 8,680 solar cells, one silver-zine battery, 
several smaller power systems. 


Objectives: Functional testing of attitude control system, 
power supplies, and data transmission; ascertaining the 
life of individual components under space conditions; 
scientific investigation of fields and charged particles and 
of the X-ray spectra of solar radiation; observation of the 
Earth’s hydrogen clouds; investigation of inter-planetary 
dust. 

Results: Instead of the planned orbit extending far into 
space, achieved only a low Earth orbit (P = 105 mi; A 
313 mi; I 32.9°; T = 91.1 min); functional testing 
nevertheless possible; burnt out in the Earth’s atmosphere. 
(cf. Interavia 10/1961, page 1413). 





EXPLORER 13 


25 Aug 1961 


Four-stage 


Shape: Cylindrical: diameter 24 in, length 76 in; mainly of 


Objective: Testing of carrier rockets; investigation of 














(USA) 29 Aug 1961 Scout stainless steel. micrometeorites and their effects on spacecraft. 
Equipment: Five types of detectors. Res ; : lin * .. 
- : : rere esults; Orbit achieved (P 175 mi; A 606 mi; I 
= ati = Wallops Island 36,600 Ib Transmitters: Two; frequencies 136.86 Me/s and 136.2 36.42°: T 97.27 min): burnt out in denser layers of 
p= I Mc/s; four rod antennas. Earth’s atmosphere. 
Power supply: Solar cells and nickel-cadmium batteries. 
DISCOVERER 29 30 Aug 1961 Two-stage Shape: As Discoverer 17. Objectives: As Discoverer 23. 
(USA) 1 Sept 1961 Thor-Agena B Equipment: Basically as Discoverer 17, plus measurement Results: Orbit achieved (P 140 mi: A 345 mi: I 
equipment. 82.14°; T = 91 min); after 33 orbits instrument capsule 
bes — Vandenberg 115,500 Ib Transmitter: Unknown; one directional and one whip an- jettisoned and recovered from the Pacific near Hawaii. 
P : tenna. 
Power supply: Unknown. 
DISCOVERER 30 12 Sept 1961 Two-stage Shape: As Discoverer 17 Objectives: As Discoverer 23; investigation of radiation 
(USA) 14 Sept 1961 Thor-Agena B Equipment; Basically as Discoverer 17; also measuring effects. 
equipment, biological specimens, solar cells, radiation sen- Results: Polar orbit achieved (P 154 mi: A 345 mi: 
> — Vandenberg 115,500 Ib sitive material. I = unknown; T = 92.66 min); after 33 orbits instruments 
P . Transmitter: Unknown: one directional and one whip capsule jettisoned and recovered by a Lockheed C-130 in 
antenna. flight near Hawaii. 
Power supply: Unknown. 
MERCURY MA-4 _ 13 Sept 1961 One-stage Shape: Bell shaped; base diameter 6 ft, height 3.6 ft. Objectives: Testing of systems and ground installations 
(USA) 13 Sept 1961 Atlas D Equipment: All equipment necessary for manned space (Orbital tracking stations) for manned space flight. 
; ; flight, also an astronaut simulator with prerecorded tapes: Results: Orbit achieved (P 100 mi; A = 158.6 mi; I 
Wi 2,700 Ib Cape Canaveral 260,000 Ib tape recorder: three cameras; vibration, acceleration and —32.57°; T 88.6 min, calculated); capsule returned to 
temperature measurement equipment. Earth after one orbit (flight time 1 hour 49 min) and was 
Transmitter: Unknown recovered from the Atlantic some 160 miles E of the Ber- 
Power supply: Chemical batteries. mudas. 
DISCOVERER 31 17 Sept 1961 Two-stage Shape: As Discoverer 17. Objectives: As Discoverer 23. 
(USA) about 2 months Thor-Agena B Equipment: Basically as Discoverer 17 plus measurement Results: Polar orbit achieved (P = 152 mi; A 255 mi: 
, equipment. | = 82.7° T = 91 min); dueto malfunction of the jettison 
4 nag Vandenberg 115,500 Ib Transmitter: Unknown: one directional and one whip mechanism, the instrument capsule remained in the satellite. 
Pp ‘ antenna. 


Power supply: Unknown. 





DISCOVERER 32 
(USA) 


13 Oct 1961 
14 Oct 1961 


Two-stage 
Thor-Agena B 


Shape: As Discoverer 17. 
Equipment: Basically as Discoverer 17, also measurement 
equipment; metal samples: plant seeds: radiation screen- 


Objectives: As Discoverer 23; determination of the effi- 
ciency of various metals as radiation screens; radio wave 
investigations (ionosphere effect). 














be ag ee Sa e ing material; solar cells. Results: Polar orbit achieved (P 147 mi; A = 246 mi; 
P : Transmitter; Unknown; frequency 20.005 Mc/s; one direc- I 81.69°; T 90.84 min); after 18 orbits instrument 
tional and one whip antenna. capsule jettisoned and recovered in flight by a Lockheed 
Power supply: Unknown. C-130 near Hawaii. 
MIDAS 4 21 Oct 1961 Shape: Cylindrical with nose cone. Objectives: Testing of long-range rocket launch detection 
(USA) unlimited Equipment: Measurement equipment, sensors. equipment. 
W, 3,500 Ib Point Arguello Two-stage Transmitter: Unknown. Results: Polar orbit achieved (P = 2,100 mi; A = 2,100 mi; 
Atlas Agena B Power supply: Unknown. unknown; T = unknown). 
Shape: 350 million short copper threads which form a ring Objectives: Radio wave reflection. 
WEST FORD 21 Oct 1961 round the Earth, about 5 miles thick and about 25 miles Results: As Midas 4: reflects waves in the UHF and TV 
(USA) about 7 years i. . frequency range. 
Wi 72 Ib Point Arguello 263,500 Ib reer: Maree 
Transmitter: None. 
Power supply: None. 
DISCOVERER 34 5 Nov 1961 Two-stage Shape: Cylindrical with nose cone. Objectives: As Discoverer 23. 
(USA) Unknown Thor-Agena B Equipment; Basically as Discoverer 17 plus measurement — Results: Polar orbit achieved; data unknown; recovery of 
. equipment. capsule not intended. 
We = 2,100 Ib Vandenberg 115,500 Ib Transmitter: Unknown; one directional and one whip 
Wp = 3001b antenna. 
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Power supply: Unknown. 


ee 











TRI- 
SERVICE 
RYAN FIREBEES 


keep more U.S. combat teams “on target” than all other jet targets combined! 


ee) WITH THE AIR FORCE 


Ryan Firebees were again the only 
jet targets used at the Air Force’s 
World Wide Weapons Meet, Wil- 
liam Tell — 1961, in October. This is 
the third time Firebees have been 
selected for this important meet 
since 1958 when the Firebee pio- 
neered the use of free-flying targets 
at a weapons meet. This year, squad- 
rons of the U.S. Air Force’s best 
Century Series fighter-interceptors 
pitted their skills against Q-2C’s, the 
most reliable “enemy” jet target to 
challenge the Air Defense Command. 


er 
BS WITH THE NAVY 


Since 1956, earlier version Ryan 
Firebees have made hundreds of 
operational flights with the U.S. 
Navy. Today, the newest Firebee, the 
transonic Q-2C, is operational with 
Fleet units of the Navy and ordered 
in quantity for extensive use. Fire- 
bees pioneered as the first jet targets 
selected for Navy Weapons Meets — 
at Operation “Top Gun?’ in 1959— 
and have established unmatched rec- 
ords of reliability for continuous on- 
range performance at these extended 
military competitions. 


No other target compares with the recoverable Ryan Firebee for high-speed, 


high-altitude reliability and low cost per target mission. Ryan Aerospace 
b e Db » 


Ryan Aeronautical Company, San Diego, California. 


WITH THE ARMY 


Firebees are flying at White Sands 
Missile Range under Ryan logistics 
crews who assemble, fly and main- 
tain the jet targets, in coordination 
with U.S. Army missile teams. For 
Army low-level target needs, Ryan 
developed the successful Firebee 
ground launch capability, in 1959, 
which is now available to all Mili- 
tary Services with all Firebees. 
Newest Army Firebees are transonic 
124-E targets now used to evaluate 
Army missiles for both low and high 
altitude performance. 


RYAN 


a 
AEROSPACE 














BENDIX CDC POSITION 








AND HOMING INDICATOR — 





SELECTED FOR NATO 





JETS FROM 8 NATIONS 








Proved efficiency and dependability of the Bendix® 
CDC PHI integrated navigational system have led to its 
selection for NATO jets from eight nations. These in- 
clude F-104’s and G-91’s flying for the following air 
forces—French Naval, Italian, Turkish, German, 
Belgian, Greek, Dutch, and Canadian. 


%) € 





a 


FRENCH NAVAL GERMAN 


BELGIAN DUTCH 


é.. 


TURKISH GREEK ITALIAN CANADIAN 





Chief advantage of this automatic dead reckoning 
system is that the pilot need not correlate flight infor- 
mation or perform mental calculations. That’s because 
Bendix CDC PHI automatically receives, processes, 
and interprets information from Doppler, Air Data, and 
Inertial Platform. It also can operate with TACAN, 
ADF, and Data Link. Write us at 205 E. 42nd St., New 
York 17,N.Y., U.S.A.—Cable Address: ‘‘Bendixint’’, N.Y. 


“Send” ht ernational vwision 


205 E. 42ND ST., NEW YORK 17, N. Y., U. S.A. 
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SYSTEM’S ADVANTAGES ON 
HIGH-PERFORMANCE MISSIONS 


1. Instantaneous course and distance to any of a 
number of pre-set points. 


2. Continuous homing indications to base, 
alternate bases, or targets. 


3. Freedom to switch to other pre-set destinations 
without losing accumulated navigation data. 


4. Eliminates map reading and calculations by pilot. 
5.Completely self-contained, no ground aids needed. 
6. Transistorized for light weight and reliability. 
7. Immune to radio interference or jamming. 


Manufactured by Computing Devices of Canada, Limited 
Affiliate of The Bendix Corporation 





CABLE ADDRESS: ‘'BENDIXINT,’’ N. Y. 











V.T.O.L. and Mach 2 speeds 


























variable geometry provides the answer 


In the Fokker Republic} V.T.O.L. Development Division 
the inherent problem of combining vertical take-off and landing 
with supersonic speeds at sea level and at high altitude has been 
resolved through use of advanced aerodynamics: variable 
geometry wing. 


The revolutionary Fokker-Republic “ALLIANCE” D XXIV 
which is in final development stage, incorporates variable- 
sweep wing design with a single lift and thrust engine. It is so 
designed that it has the versatility for vertical or short take-off 
—flies to its target at high or low altitudes at supersonic speed 
with its wings folded—or wings extended at subsonic speeds for 
considerably greater distances. Thus this versatile strike/recon- 
naissance aircraft combines the tactical advantages of V.T.O.L./ 
8.T.0.L. with all-weather supersonic performances. 


Multi-million research programmes have been carried out, 
at first independently, now jointly by Fokker and Republic. 
The final design is the culmination of five million dollars, seven 
years of engineering man-hours, wind-tunnel testing, data 
reduction, and close liaison with the engine manufacturers, the 
Bristol-Siddeley Company. 


V.T.O.L.... S.T.0.L.... wherever aviation takes on new 
directions, Fokker-Republic lead the field. 


FOKKER 
REPUBLIC 






ROYAL NETHERLANDS AIRCRAFT FACTORY FOKKER, PROJECT DIVISION (V.T.O.L.), SCHIPHOL, AMSTERDAM 
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RADIO-ALTIMETERS 


AM 221 


0 to 1000 feet 0 to 2500 feet | 2000 to 70000 feet 


+1 foot up to 50 feet 
+2% above 50 feet 150 feet 


$$ ——_—$F_ $$$ | comes ——————— 


eee —EEEE 


2 A at 27 volts D.C. 


nensiitintiadaleidtinnitibaesinieintie sini cetenliciintedgliiaiaatiats 


| 


, | 43 tubes 
1 tube, 30 semi-conductors | 95 semi-conductors 


pe = — 
| 


Helicopter | Aircraft Aircraft 
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VISIT THE U.S.A. 
peor 


> 389,60 


Special Autumn-Winter fare 


Now Is the best time to visit the United States - take advantage of the new Jet 
Excursion Fare offered by Air France between October Ist. and March 31st : Paris - New York and 
back by jet for $ 389,60 in Economy Class instead of § 525,80, provided your trip does not exceed 17 days. 


Family Reductions : these too are applicable on all AIR FRANCE North Atlantic and Central 
Atlantic routes from October Ist. to March 31st. If you fly accompanied by your wife and/or children 
under the age of 26, you pay the normal fare - but the other members of your family are entitled to 
special reductions - amounting to a saving of § 150o0n the round-trip fare in Economy Class. 


AIR FRANCE 


inclusive tours : low-cost inclusive tours are organized by Travel Agents in conjunction with 


AIR FRANCE, providing an opportunity of visiting the United States under the best possible conditions: 
Florida Louisiana California 


For full information, apply to any accredited Travel Agent or to your nearest AIR FRANCE office . 


rT H & WOoR.LeD’ §& EARGeEesT A itieRttwn @ 










































INTRODUCING NEW SAAB 
WEAPON TRAINING DEVELOPMENTS 


Saab Aircraft Company is a pioneer in weapon 
training aids for all armed forces with its univers- 
ally accepted BT13 Hit Indicator now used by 
more than 20 countries. 








The SAAB BT13 Hit Indicator 
features: 

@ Gunner immediately informed of his scoring 
Sight can be adjusted between attack runs 
Target nced not be changed between the rounds 


Shortened training periods 


Equipment can be used for air-to-air, air-to- 
ground or ground-to-air firing 


@ Suitable for 8 mm ammunition and upwards 


Saab is now pleased to announce three new import- 
ant developments in this field. 


For ground-to-air weapon training: 


The new AZ-6 bi-zonal unit for the BT13 Hit Indicator. 
This new unit will make hit registration possible in two 
zones simultaneously. 


For air-to-ground or ground-to-ground 
weapon training: 


The Saab BT14 is a new, light and handy device with high 
accuracy. It has been specially designed for firing with two 
or more guns at the same time. 


For ground-to-ground weapon training: 


The Saab BT17, an automatic smoke marker for making 
the training, especially of anti-tank gunners, more realistic 
and efficient. 





SVENSKA AEROPLAN 
AKTIEBOLAGET 
(Saab Aircraft Company) 
LINKOPING + SWEDEN 








For more information regarding this equipment, please write 
to Saab Aircraft Company, Sales Department, Linképing. 














A Canberra 


refuels the next generation... 


the Blackburn Buccaneer 


Designed both for low-level strike and 
high-altitude sortie, the Buccaneer is the ideal 
general-purpose aircraft of the next generation. 
It successfully combines optimum performance 
with realistic cost. 

Role equipment — bombs, rockets, 
photo-reconnaissance cameras, etc. — 

can be interchanged quickly. 


HAWKER SIDDELEY AVIATION 


32, Duke Street, St. James's, London S.W.1. 
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Regional control radar 
at BORDEAUX-MERIGNAC » 
TH. D. 225 so | | 











THOMSON HOUSTON 








TH. D. 1013 
light approach radar 





THOMSON HOUSTON 





Equipment manufactured under contract to SERVICE TECHNIQUE DES TELECOMMUNICATIONS DE L'AIR 


IN THE SERVICE OF CIVIL AVIATION 


COMPAGNIE FRANCAISE THOMSON-HOUSTON — GROUPE ELECTRONIQUE — 173, Bd HAUSSMANN — PARIS 8&¢, Tel. ELY. 83-70 
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In the automatic control and the fully automatic landing of aircraft, 
sMITHS lead the world. smirus Flight Control System is the only system 
in the world designed as a single entity to provide full automatic con- 
trol through every phase of flight, including the landing manoeuvre. 
sMITHS Flight Control System, including Multiplex autopilot, is specified 
for the de Havilland Trident when it enters service for BEA. In matters 


of flight control and instrumentation the automatic choice is sMITHS. 





The Flight Controller carries the switches 
and controls necessary for setting up 
automatic pilot and flight director modes 
and facilities. It is conveniently situated in 
a horizontal position behind the throttle 
pedestal. This unit has been designed for 
ease of operation and is unique in that 
the layout of the controls and indicators 
corresponds to the basic ‘T’ presentation 
used on the pilot’s instrument panel. 














KELVIN HOUSE, WEMBLEY PARK DRIVE, WEMBLEY, MIDDLESEX, 
o 


® AVSO24 





Here is a brief factual report of smrrHs achievements in this field up to the 
beginning of this year: 


SMITHS have been making automatic pilots since 1933. 


SMITHS designed and made the first British electrically operated 
automatic pilot. 


SMITHS designed and made the automatic pilot used in the 
world’s first turbo-jet and turbo-prop airliners. 





SMITHS automatic pilot (and associated equipment) is the heart of the 
world’s first fully automatic landing equipment to go into production. 
This is the ‘Autoland’ system, in the design of which smrrHs 
collaborated closely with the Blind Landing Experimental Unit 
of the Royal Aircraft Establishment. The ‘Autoland’ system 
has been adopted by the Royal Air Force. 


SMITHS automatic landing equipment has, in the last ten years, 
carried out more successful automatic landings than all other 
known systems in the world added together. 


SMITHS embarked five years ago on a new generation of automatic 
pilots, designed to increase the safety factor to a level that 
will meet the stringent safety requirements that the civil 
air lines need for automatic landing. 


SMITHS automatic landing equipment has been ordered by the USA. 
Federal Aviation Agency for evaluation tests in America. 


TITS 
AVIATION DIVISION 


ENGLAND. The Aviation Division of S. Smith & Sons (England) kt 
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VTOL at General Electric takes many forms 


The G-E family of VTOL propulsion systems is growing 
fast. There are lift fan engines, direct-lift turbojets, and 
others. Two of these have been specified for flight testing 
during 1963. Other systems are available by combining 
existing hardware. 

General Electric's VTOL propulsion systems are based 
on technology that has been solidly proven during more 
than 35 million hours of commercial and military gas 
turbine flight experience. 


Progress /s Our Most Important Product 
GENERAL @ ELECTRIC 


FLIGHT PROPULSION DIVISION 








I CONTRAVES ITALIANA S.A ROMA 


Alone. 


Each day, all over the world, the sun dawns on more and more helicopters playing an ever increasing 
role in national security, growth and development. In bringing its unique performance functions to 
such activities as survey, exploration, construction and executive transportation, one helicopter in 
each class invariably distinguishes itself. In the light utility class, the Hiller E Series stand alone 
....most capable, most powerful. Documenting their worldwide 
pre-eminence is the growing list of governmental and commer- 
cial purchasers of 3- and 4-place Hiller rotorcraft. The latest 


Hiller owners include: Argentina....Australia....Canada.... 
Chile....Colombia....Ecuador....England....Ethiopia....Germany 
...India....Mexico....Morocco....Puerto Rico... 


. Rhodesia. 


PALO 


AIRCRAFT CORP 
Ag T@G, CaA4bLit@oreia 
SUBSIDIARY OF THE ELECTRIC AUTOLITE COMPANY 


Contact the distributor nearest you for complete information on /easing or purchasing a Hiller 12E or E4. 


Australia 


Hercules Transport Vehicles Pty. Ltd. 


Sydney 


Austria 
Mr. Dominique Bertrand 
Vienna 


Belgium 

Simina/Intair Ltd. 

Brussels 

Burma 

— Development Corp. (Burma) 
Rangoon 

Ceylon 

Whittal Boustead Ltd. 

Colombo 

Republique du Congo 
Intair-Congo $.C.R.L. 
Leopoldville 

Finland 


Oy Feckler & Co. AB 
Helsinki 


France, Algeria, Madagascar, 
French West Africa & French 
Equatorial Africa 

Helicop-Air 

Paris 

Germany 

Luftfahrt-Technik GMBH 

Dusseldorf 

Great Britain & Ireland 
Helicopter Sales Limited 

London 

Greece 

Mr. Basil Kyriacopulos 

Athens 


Holland, Dutch New Guinea 

& Surinam 

Schreiner & Company 

The Hague, Holland 

Hong Kong, Macao, and Taiwan 
Fidelity Inspection Service 

Hong Kong 


Iceland 

Heildverzlunin Hekla Ltd. 
Reykjavik 

India 

Cambata Industries Private Ltd. 
Bombay 


Iran 
Mahak Company Ltd. 
Teheran 


Italy 
Aer Lualdi & C. 
Rome 


New Zealand 
General Aviation Limited 
Wellington 


Norway 

A. W. Kamfjord & Company 
Oslo 

Pakistan 


R. K. Dundas Pakistan Limited 
Karachi 


Philippines 


Theo. H. Davies & Co., Far East Ltd. 


Manila 


Sweden 
Salen & Wicander 
Stockholm 


Switzerland 
Air-Import Corporation 
Lucerne 


Thailand 
Sangar Bhanich Company Ltd, 
Bangkok 


Turkey 
Hamamcioglu Muesseseleri Ticaret TAS 
Istanbul 


Union of South Africa, Southwest 
Africa, Bechuanaland Protector- 
ate, Tanganyika, Uganda, and 
Kenya 

Aviation Corporation of Africa (Pty.) Ltd. 
Johannesburg, South Africa 


Egypt, Syria, Lebanon, Iraq, 
Kuwait and Saudi Arabia 
Allied International Company 

New York 17, New York 


Vietnam, Cambodia & Laos 
Brownell, Lane International, Ltd. 
New York 4, New York 


United States, Canada, Puerto 
Rico, American Virgin Islands 
For direct dealer list contact 

Hiller Aircraft Corporation 

Palo Alto, California 





From the coracles of prehistoric times to the jet airliners of to-day, fast 
efficient transport has been the key to the progress of civilization. 
But with each major improvement, the associated problems of operating 
each form of transport have grown in complexity, and now demand as much 
attention as the improvement of the land, sea or air vehicles themselves. 
In the case of aviation, more airlines, faster aircraft, bigger airports - all 
combine to compel those in charge of air traffic to cry out for modern, 
fast data processing equipment. SATCO automatic air traffic control is a 
practical solution to their problems. 





EFFICIENT TRANSPORT MEANS PROSPERITY 





( 


SATCO 


SIGNAAL AUTOMATIC AIR TRAFFIC CONTROL 





Satco comprises the ground equipment to predict, coordinate, check and 
display the movements of air traffic en route and in terminal areas. It pro- 
vides an extremely rapid method of calculating flight paths, for assessing 
potential conflicts and for coordination between Area Control Centres. 
Special features are included for military/civil coordination and for the 
control of jet-powered traffic. 











The system has been ordered by The Netherlands Government and the 
first phase is now in operational use. 
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N.V. HOLLANDSE SIGNAALAPPARATEN - HENGELO - NETHERLANDS 








Follond Guat- 


the new aduanced taine for the Royal Air Force 


AWKER SIDDELEY AVIATION 


32 Duke Street, St. James's, London S.W.1. 








| 


AERO POWER 


LIFTand THRUST from ONE ENGINE— 
the revolutionary Pegasus turbofan 


The new Bristol Siddeley Pegasus high-ratio turbofan represents a major 
engineering breakthrough in the field of aircraft propulsion. 

Because the Pegasus can be fitted with movable nozzles evenly disposed around 
the centre of gravity which give directional control to its total thrust, this 
remarkably versatile engine provides the airframe designer with a single power 
source for all conditions of flight. 

VTOL, STOL and normal take-off capability in the same aircraft. Suitable 
for subsonic or supersonic applications. 

High by-pass ratio gives high thrust for low weight, low fuel consumption 
and low noise level. 








Conventional ‘installation. Operational simplicity. Independent of all fixed 
ground installations. 

Problems of ground erosion, recirculation and ingestion of debris reduced 
to a minimum. 

The Bristol Siddeley Pegasus powers the Hawker P1127 VTOL light strike 
aircraft and is supported by the Mutual Weapons Development Programme 
for NATO. 


BRISTOL SIDDELEY ENGINES LIMITED 


TURBOJETS © TURBOFANS @ TURBOPROPS ® RAMJETS ® ROCKET ENGINES @ PISTON ENGINES ® MARINE AND INDUSTRIAL GAS TURBINES 
MARINE, RAIL, AND INDUSTRIAL DIESEL ENGINES @ PRtviSION ENGINEERING PRODUCTS 


1682 INTERAVIA 12/1961 








MARS — 


Space Travel Simulator 


Dr. R. C. Armstrong, Manager, Life Sciences, 
General Dynamics /Astronautics, San Diego 


OE The machine alone can never conquer space. This is the task of man, 
and thus the preparation of man for space constitutes one of the most 
vital areas of the space age technology. 

At General Dynamics/Astronautics, San Diego, a special life science 
task force is preparing for near-future extended flight regimes through 
the use of a full-scale hard mockup vehicle—the Manned Astronautical 
Research Station (MARS). This simulator models a spacecraft design 
which could be launched atop an Atlas-Centaur missile in 1963, taking 
three astronauts 200 miles into space for almost a month of scientific 
studies. 

Progress in many facets of space research is paced by human physical, 
physiological, and psychological requirements rather than by constraints 
in hardware engineering. This factor, and the limited time within which 
the MARS system must be developed and made operational, have dic- 
tated the following parameters for the MARS operational life support 
systems: 

1. The system must be developed and made ready for launch before the 
end of 1963. 

. The system must transcend the present state of the art, allowing flight 
profiles of approximately three weeks, while using current state-of- 
the-art hardware. 

During the same period that we have sent mechanical messengers and 
information gatherers into cislunar and translunar space, what changes 
have occurred in man’s inherent tolerance for altitude, thermal stress, 
acceleration and lack of acceleration, radiation, and isolation? The 
answer: Essentially none. The combination of mechanical and biological 
systems requires that some sacrifice be made on the part of each. Vehicle 
efficiency is compromised by catering to the stress constraints of its crew; 
the latter is compromised in terms of comfort, mobility, vision, and 
other freedoms to minimize design constraints. 


MARS will allow the simulation of a three-man operational earth- 
orbital mission with a flight duration time of approximately three weeks. 
The mockup will simulate all of the biological environments of orbit 
except those of hard radiation, zero g, the internal stress of apprehen- 
sion, the hyper-gravity encountered during launch and re-entry, or the 
vehicle’s dynamic sound pressure levels; it does simulate the normal 
background noise of orbital flight. Telemetry records indicate that inter- 
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MARS is a three-storey vehicle. Above is the work-room, in the centre the living room, 
and below the re-entry capsule. The space station will be linked to the Centaur by a 
1,000-ft cable. Both bodies will rotate round a common centre of gravity, so that the 
crew is in an artificial gravitational field. 











































Three men for MARS, which is the designation given by General Dynamics designers to 
the simulator of a manned earth satellite visible in the background. MARS may be put 
into orbit before the end of 1963, atop of an At/as-Centaur. 


nal stress may characterize the astronaut’s psychology, at least during 
the critical periods of launch and re-entry. Astronautics researchers believe 
that apprehension might prove a prime factor in affecting man’s oper- 
ational capabilities in space, and consequently must be considered in 
on-board living equipment and instrumentation. 

The MARS spacecraft is 24 ft. in diameter, contains three rooms, 
namely a work compartment, living quarters, and a dual-purpose capsule 
that would serve as a bedroom in space and as a crew cockpit during 
launch and re-entry. The lower floor contains the life support equipment. 
The upper floor is primarily a work station. The cabin will contain 
various stimuli, such as radio, TV, and games. The interior is com- 
fortable, well-lighted, attractive—a micro copy of a comfortable earth 
apartment. Constructed of mild steel, the MARS mockup forms a closed 
ecological system. 

As an experimental platform for establishing the basic requirements 
and verifying basic hypotheses relating to the science of manned space 
flight, its life science research on the mockup will include: 


1. Determination of the physical reactions and operational capabilities 
of man during space flight. 

2. Conduct of physiological and sociological experiments in the con- 
fined environment of simulated space. 

3. Conduct of biological experiments by varying the atmospheric pres- 
sure, temperature, and humidity. 

4. Provision for the design and test of apparatus and equipment for 
advanced space vehicles. 


5. Determination of types of testing and training program necessary for 
space crews. 


MARS researchers have planned a complete orbital mission in which 
three subjects will board the space vehicle mockup and experience 
simulation of all the operational events from launch to landing. Real- 
istic dynamic simulations will include controls and displays for maneu- 
vering the vehicle during launch, spin-up, etc., and equipment and 
apparatus for communication, recording, and the performance of various 
research tasks. 

A near-normal internal environment is a design specification. The 
chemical composition and atmospheric air pressure in the cabin will 
approximate sea-level conditions, with controlled temperature and humi- 
dity. The crew’s pressure garments, helmets, integrated seats, and re- 
straints will follow the design expected for actual orbital flight. Flight 
simulation also will be marked by emergency procedures for environ- 
mental contamination and cabin decompression indicated by warning 
signals of various kinds. Normal rest and work cycles will be followed. 
Crew membres will live on specially prepared “space rations.” 

Astronautics researchers believe this “use test” approach offers the 
most adequate means outside of actual flight for proving the adequacy 
of the systems selected, and for establishing the necessary psychological 
and physiological baseline information against which true space flight 
stresses can be evaluated. 
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Reinforcement 
for NATO: 


The Breguet 
Atlantic 


O, October 2Ist, the first prototype of the 
NATO naval reconnaissance aircraft, the Bre- 
guet Br. 1150 Atlantic, took off from the works 
airfield at Toulouse-Blagnac. The behaviour of 
this aircraft during its 42-minute maiden flight 
is reported by the constructor as having been in 
every respect up to expectations. This, then, 
marks the successful conclusion of the first 
phase of the NATO programme which was ini- 
tiated about three years ago. The Breguet 
Atlantic will be the first aircraft specially de- 
signed for NATO to be built as a common pro- 
ject by several European nations. 


Associated with S. A. des Ateliers d’Aviation 
Louis Breguet, France, in this project are the 
following concerns: Sud-Aviation, France; The 
Association Belge pour l’avion Patrouilleur, 
Belgium; Dornier Werke GmbH and, more re- 
cently, Siebel ATG, both in West Germany; and 
NVV Fokker in Holland. The Tyne engines 
for the Br. 1150 are also being manufactured 
by a consortium of Rolls-Royce, Hispano-Suiza, 
Fabrique Nationale d’Armes de Guerre (FN), and 
Maschinenfabrik Augsburg-Niirnberg (MAN). 
The complex equipment is the responsibility of 
numerous European, American, and Canadian 
producers. Amongst other items, leading USA 
producers are supplying components of the air- 
craft’s electronic systems for submarine detec- 
tion. 


The first prototype of the Breguet Br. 1150 
was Officially shown to Ministers and technical 


The first prototype of the Breguet Afl/antic on the works airfield at Toulouse-Blagnac. 


advisers of the governments participating in the 
Atlantic programme on November 3rd. Mean- 
while, in the assembly and test shop of Breguet’s 
Toulouse-Colombiers facility, the second proto- 
type is on the way to completion. The construc- 
tion of prototype number three and the com- 
mencement of series production are going for- 
ward according to plan. Production is allocated 
as follows: outboard wing: Sud-Aviation; inboard 
wing with engine bearers: NVV Fokker; under- 
















carriage: Hispano-Suiza in collaboration with 
Fairey, SABCA, and FN;; front and centre sec- 
tion of fuselage: S. A. Louis Breguet; rear of 
fuselage and tailplane: Dornier-Werke GmbH. 
Certain parts of the front of the fuselage and of 
the equipment will be supplied by the Associa- 
tion Belge pour l’Avion Patrouilleur, the search 
and homing radar will be by CSF, and propellers 
by de Havilland in cooperation with Ratier. 
There is so far little information to be had 


Dimensions and Performance of the Bre- 
guet Br.1150 Atlantic 


Powerplant: 2x Rolls-Royce Tyne RTy.20 Mk.21, 
each 6,190 e.h.p. 


SE eA i ane 124 ft 
NS aa Shag gow: * ue Ree 90 ft 
dae tiie Pg ok eb 35 ft 
Width of fuselage. ...... 9.5 ft 
Wrreemene 2. wt tt tet 30.85 ft 
cls ae ce oo ker 1,291.7 sq.ft. 
See ee ere 11 
ee ae 330 kts 
» ae 170 kts 
Max. take-off weight ...... 90,400 Ib 
eT eae 5,000 n.m. 
Service celling. ..... sas 33,000 ft 














concerning the armament and equipment of this 
twin-engined long-range aircraft. Itis known that 
the Atlantic will feature the latest navigation 
systems as well as the most up-to-date electronic 
equipment for detecting and tracking submarines, 
together with a new sonar unit with high per- 
formance buoys. The weapon bay — some 27 ft 
long — is located under the fuselage and can 
carry anti-submarine torpedoes with homing 
heads, depth charges, special nuclear ASW wea- 
pons, and mines. Special guided missiles for 
submarine killing can be carried on wing stations. 
In the pressurized upper half of the double- 


bubble fuselage, there is accommodation for a 
12-man crew. In this compartment, the radar 
and weapon-manning stations are housed and 
there is a rest room for the crew. The non- 
pressurized lower half of the fuselage carries the 
radar equipment and submarine detection 
equipment, as well as the weapon bay already 
described. The entire airborne equipment is so 
designed as to enable operation from “second- 
class” bases with a minimum of ground equip- 
ment. 

The two Rolls-Royce Tyne RTy.20 turboprops 
deliver more than 6,000 equivalent horse power 


and drive de Havilland four-blade propellers 
(diameter 16 ft). 

‘The Breguet Aflantic’s main roles include 
minelaying, coastal reconnaissance, convoy of 
naval units, long-range sea patrol, sea rescue, 
and personnel transport, to mention only some. 
Such a versatile aircraft may well be expected 
to render long service to the North Atlantic 
Community powers. The problem of defending 
the Baltic and North Sea, and the possibility of 
complete closing of the Baltic will, no doubt, 
make the requirement for aircraft of the Breguet 
Br. 1150 Atlantic type a substantial one. + 


The Lockheed Hummingbird 


VTOL Army Liaison Aircraft 


‘The commencement of the development of the 
Hummingbird VOL aircraft dates back some 
four years, to the moment when research en- 
gineers of the Lockheed Aircraft Corporation, 
Georgia Division, began investigations into a 
jet it system which has been described by the 
company as a “jet ejector augmentation prin- 
cipte.” 

The aim of these investigations was to estab- 
lish whether a satisfactory augmentation of 
thrust could be achieved by ejecting the ex- 
haust gases from a jet engine nozzie through 
a larger diameter tube, so that the exhaust gas 
pulls a supply of air from outside by both fric- 
tion and vacuum through the larger tube. The 
system is similar to the jet pump principle which 
has long been employed in well pumps, and the 
company’s experiments have shown that it 
offers considerable promise for jet lift appli- 
cations. Lockheed engineers have, in fact, fore- 
cast that an augmentation of 40 percent more 
vertical thrust can be obtained from this system 
than by using conventional jet engines of the 
same power to provide the lift thrust. 

Extensive tests have been carried out using a 
tethered vehicle test rig and the feasibility of the 
concept fully established. In June 1961, a con- 
tract was awarded to the company by the Army 
Transportation Research Command, Ft. Eustis, 
Va., for $1.2 million to finance construction of 
a research and development aircraft. This con- 
tract was increased in September 1961 by a 
further $1.0 million to cover the construction 
of a second aircraft and for wind tunnel and 
flight testing of both aircraft. 

The proposed configuration of the Hum- 
mingbird is as a two-seater, mid-wing mono- 
plane with a span of 25 ft and an overall length 
of 32 ft. The cockpit is arranged with side-by- 
side seating for the two-man crew to give a 
wide angle of visibility. The aircraft will be 
capable of vertical take-off and landing and its 
maximum cruising speed will be 450 knots or 
Mach 0.8 above 35,000 ft. 

The powerplants selected for the Humming- 
bird are two Pratt & Whitney JT12A-3 turbo- 
jets giving 3,000 lb thrust each. The engines 
are mounted in nacelles alongside the fuselage 
above the wings, and possess conventional air 
intakes and tail pipes for forward flight. The 
space between the engines in the centre section 


metas : Ried 
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The transition sequence of the Humming- 
bird vertical take-off. After lift-off from 
the ground, the undercarriage is retracted, 
and the aircraft is tilted to a slightly nose- 
down attitude by means of the stabiliza- 
tion controls. In this attitude the lift thrust 
also gives a forward propulsive com- 
ponent, and the aircraft commences to 
accelerate. When sufficient forward speed 
has been attained, the mixing chamber 
doors are closed and the Hummingbird 
becomes a conventional jet aircraft. As a 
standard tricycle undercarriage and land- 
ing flaps are fitted, the aircraft is also 
capable of operation from runways and 
prepared surfaces in a conventional take- 
off and landing pattern. 
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Technical Data 


Powerplant 


Two Pratt & Whitney JT12A-3 turbojets. 3,000 Ib thrust 
per engine. 


ee er 4,995 Ib 
Equipped weight empty ........ 5,525 Ib 
Fuel capacity (260 US gal). ...... 1,675 Ib 
Max. vertical take-off weight. ..... 7,200 Ib 
Transition speed 

PUG bg 6 4 ee eS we 80 kts 

SO a eee ee 125 kts 
Max. level cruise speed ........ 450 kts 











Rate of climb 


Two engines military power. .... 18,000 fpm 
Two engines normal power. .... 12,000 fpm 
Single engine normal power. .... 4,000 fpm 
VTO range (300 lb payload) ...... 290 n.m 
Wee ee sk ske ene 4 we 0s 520 n.m 
Conventional take-off 
Ground roll (7,2000lb) ......... 1,530 ft 
To clear 50ft obstacle ........ 2,070 ft 





The layout of the aircraft equipment. A. Instrument panel; B. Ejector 
duct; C. Adjustable horizontal tail; D. Pitch control outlet; E. Access 
door; F. Aft equipment; G. Fuel tank; H. Centre fuel cell; J. Pitch 


control outlet; K. Forward equipment. 














of the fuselage is occupied by a large mixing 
chamber, which is the heart of the Humming- 
bird concept. 

For vertical take-off and landing, two large 
bomb-bay type doors, fitted on the upper and 
lower sides of the fuselage and covering the 
mixing chamber, are opened. A simple diverter 
valve in the jet pipe of each of the two engines 
is then operated, and the engine exhaust gases 
are diverted into the mixing chamber where 
they are directed vertically downward through 
a bank of nozzles running the length of the 
mixing chamber. The high velocity gases, 
through a combination of friction and vacuum 
effect, draw with them a quantity of air through 
the open upper doors; and this air is acceler- 
ated by the gases issuing from the ejector 
nozzles. This additional airflow boosts the ver- 
tical lift thrust by some 40 percent, with no 
additional fuel consumption. 

During the vertical take-off and landing 
phase, stabilization of the aircraft is accom- 
plished by a gas flow ducted from the mixing 


1686 INTERAVIA 12/1961 


chamber and ejected from valve ports. The de- 
gree of opening or closing of the ports is con- 
trolled from the stabilization system, so that the 
restoring force moments acting at the aircraft 
extremities maintain the desired aircraft attitude 
during the hover. 

The transition phase from the hover to wing- 


Cross section of the mixing chamber. A. Downward fac- 
ing primary nozzles; B. Ejector chamber; C. Main ejector 
ducts running the length of the mixing chamber. 








borne forward flight is carried out in two 
phases, and the twin engine powerplant of the 
Hummingbird ensures that the transition is both 
rapid and safe. The transition is initiated by 
tilting the aircraft to a slightly nose-down atti- 
tude by differential adjustment of the nose and 
tail pitch control gas ducts. The lift-thrust gases 
from the mixing chamber are then ejected in a 
slightly rearward direction, causing the aircraft 
to accelerate forwards. When the first phase 
transition speed of 80 knots is attained and wing 
lift is increasing, the pilot can operate the jet 
pipe diverter valve on one of the engines, so 
that the exhaust gases are ejected rearward 
through the normal jet pipe and the remaining 
engine continues to supply lift thrust through 
the mixing chamber. The horizontal thrust from 
one engine rapidly accelerates the aircraft to 
the second transition speed of 125 knots, and 
the second engine is switched to horizontal 
thrust. The mixing chamber doors are then 
closed and the control of the aircraft is main- 
tained through the normal aerodynamic control 
surfaces. 

The installation of the two engines close to 
the aircraft centreline minimises the effects of 
asymmetric thrust, and the ability to divide the 
power output between lift and propulsion means 
that the acceleration phase is rapid and the con- 
trol in the yaw plane is attained aerodynami- 
cally in the minimum time. 

The landing transition from forward flight to 
the hover and vertical descent is carried out by 
reducing the engine power to reduce the for- 
ward speed, and then by diverting the engine 
power to the vertical. As the speed decreases, 
the engines are then accelerated once again so 
that the aircraft is supported on the vertical 
thrust and finally lowered onto the ground by 
power adjustment. Similarly, in the landing 
phase, the ability to convert both engines in 
turn from propulsive to lift thrust progressively 
is an important safety factor and one which 
will facilitate pilot training on this type of air- 
craft. 

Although the Hummingbird is an experimen- 
tal vehicle at present, the fact that its develop- 
ment has been financed by the US Army is 
indicative of the type of tasks it could be called 
upon to fulfil. With a maximum take-off weight 
of 7,200 lb, and capable of carrying a two-man 
crew, the configuration lends itself to battle- 
field reconnaissance and liaison duties. Its small 
size and VTOL capability enable it to operate 
from small clearings and unprepared landing 
grounds, while its rapid acceleration, high rate 
of climb, and manoeuvrability at low level give 
it the advantage of surprise and the evasive 
ability to avoid enemy countermeasures. At the 
same time, the simplicity of the concept and 
lack of mechanical complication in the design 
points to simplified maintenance and high rates 
of utilization even when operating under battle- 
field conditions. 

Perhaps one of the most important features 
of the Hummingbird design, and one which is 
of the most significance at a time when interest 
in VTOL aircraft is steadily increasing, is the 
successful development of the jet augmenter 
system. The installed power in the aircraft 
amounts to 6,000 Ib thrust, but this is capable 
of lifting a maximum of 7,200 lb in a vertical 
take-off. This means that the geometry of the 
jet ejection provides an extra 1,200 lb of static 
thrust but with no penalty in fuel consumption 
or need for excess fuel tankage. This is the first 
example of a VTOL jet aircraft in which the 
installed power is less than all-up weight of the 
aircraft, and it is to be anticipated that appli- 
cations of this principle will open the way for 
aircraft designers to produce light and small 
machines to fulfil a variety of military and civil 
roles. + 
























The 


Potez 840 


In recent years the managements of the large 
airline companies have practically re-equipped 
their fleets to provide their customers with 
aircraft offering new standards of speed and 
comfort. This re-equipment has been achieved 
at considerable cost; a cost which will take 
a long time to recover. The airline passengers 
themselves appreciate this contribution to 
progress, and statistics indicate that increasing 
numbers of them are profiting from the 
reduction in travelling times that have ensued. 
The numbers are still, however, far from 
sufficient for every airline to clear its out- 
standing financial commitment, and enter 
into the “golden age” of air transport of 
which managements have dreamed since they 
gave their first orders for jet aircraft several 
years ago. The facts are straightforward: if 
an aircraft is to be profitable, it must be filled. 
Although air transport over long and medium 
distances runs the risk of reaching saturation 
point in the near future, there is every reason 
to believe that there is an extensive market in 
existence at this moment for short haul air 


The Potez 840, powered by four Turboméca Aszazou // turboprop engines, first flew on April 29th, 1961. Flight tests 
are at present being carried out with the prototype O1 at Toulouse-Blagnac, while O2 is under construction at Argenteuil. 


A third aircraft should fly at the beginning of next year. 


transport in Europe, Africa, and even in the 
United States which has hardly been tapped. 

In order to exploit the potential, it will be 
necessary to reorganize certain features of the 
infrastructure, the timetables, and air traffic 
control, but no unsurmountable problems 
exist in these domains. The most important 
factor is that the aircraft employed be adapted 
to this type of operation, so as to guarantee 
the air passenger the maximum speed and 
operating frequency in the services, and at 
the same time the maximum profit to the 
operator. 

The Potez 840 has been designed specifically 
to fulfil these requirements. The aircraft is 
intended for high density operation at high 
frequency on short haul routes, or as an 
executive aircraft for distances up to 1,800 
miles. 

The aircraft was originally designed and 
appeared at the end of 1959 as a twin-engined 
machine. Today, the Potez 840 is fitted with 
four Turboméca Astazou IT turboprop engines 
and first flew on April 29th, 1961 At present, 







the prototype 01 has completed more than 
two hundred hours of flight testing. 

The Potez 840 is an aircraft of all-metal 
construction and meets the French certifica- 
tion standards Air 2501 and the American 
CAR-4b specifications. The low wing is 
trapezoidal in planform and has an aspect 
ratio of 10.75. It is of single-spar design, with 
a torsion box in front of and behind the main 
spar. The wing skin is of tapered thickness 
and diminishes from two millimetres at the 
wing root to 0.8 mm at the wing tip. The type 
of construction is similar to that used in the 
Fouga CM170 Magister. Each half-wing is 
attached to the fuselage by four attachment 
points which permit large tolerances during 
mounting; the wing fixing bolts carry extend- 
able conical rings which eliminate any possi- 
bility of play. The wing structure is designed 
on “fail safe’? and “‘safe life” principles, 
namely: 1) in the event of the failure of a 
structural component, the remaining parts 
are sufficiently strong to maintain structural 
integrity until the failure is discovered at a 


Why four engines? Firstly, the engine layout has been chosen as being the most suitable an aircraft intended for use on short stages, necessitating short take-off, rapid climb and a 
low fuel consumption. Secondly, in the event of engine failure, the power loss is less on a four engined aircraft than on a twin. Finally, in the light of the most recent specifications, 


a twin-engined aircraft of 15,000 lb requires the same runway distance at take-off as a four engined aircraft of 18,700 Ib. 
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periodic inspection; 2) the possibility of 
component failure is extremely low. 

Several types of interior layout are planned. 
In the 16-passenger “Luxury” version, the 
seats are separated by a central gangway 
14.8 in wide and with 5.6 ft headroom. The 
seating pitch is 32 in. The “‘Courtoisie”’ ver- 
sion has 24 seats arranged in a herringbone 
layout, to avoid giving the impression of 
overcrowding. A third configuration consists 
of two facing rows of seats, arranged longi- 
tudinally, also accommodating 24 passengers. 
Eight seats are installed in the “executive” 
aircraft. 

The two baggage holds, one of 53 cu.ft. at 
the rear of the cabin, and a second non- 
pressurized hold in the fuselage nose have 
a combined volume of 84 cu.feet. 

The air conditioning installation is fed by 
hot compressed air bled from the compres- 
sors of the turbine engines; part of this air 
passes through a refrigeration plant and is 
cooled before being mixed with the hot air 
and delivered to the cabin and crew compart- 
ment. The desired temperature can be main- 
tained between 12° and 28°C by means of a 
thermostat fitted in the cabin. 

The pressure of the air fed into the cabin 
is controlled automatically in relation to the 
external pressure; a valve enables variations 
of cabin pressure to be obtained in accordance 
with predetermined figures for the climb, 
descent, and for the maintenance of the pres- 
sure differential. A secondary valve controlled 
by the regulator valve permits the air flow 
to be doubled, if required, and limits the 
pressure differential in the event of system 
failure. The cabin pressure can also be 
adjusted in relation to the atmospheric pres- 
sure obtaining at the point of take-off and 
landing by means of a landing regulator. 
The pressurization system will maintain a 
cabin altitude of 8,000 feet when the aircraft 
is at 19,500 feet. 

De-icing of the wings and tailplane is by a 
high pressure pneumatic system and the cock- 
pit windscreen panels are electrically heated. 

The tricycle undercarriage has been designed 
and built by Messier and consists of two main 
wheels which retract laterally inwards, and a 
forward retracting nosewheel. This layout 
is particularly satisfactory when taking off 
from snow-covered surfaces, as it prevents 
the snow being thrown up and lodged in the 
wheel bays. To improve the wing characteris- 
tics, for take-off and landing, a hydraulically 
operated sequence valve recloses the main 
undercarriage doors when the undercarriage 
is lowered. Main wheel tyre pressure is 114 
p.s.i. and the nosewheel 62 p.s.i. The main 
wheel brakes are operated by rudder bar 
pedals and in emergency by a handle situated 
near the pilot. In the intermediate position 
the handle applies the parking brakes; for 
emergency braking it is operated to its full 
travel. 

The Potez 840 is powered by Turboméca 
Astazou turboprops and in this connection it 
should be mentioned that it is the first French 
four-engined turboprop, and also the first 
aircraft which has been designed around the 
Astazou. This engine was described at length 
in the 7/1961 issue of Jnteravia, devoted to 
small and medium powered turbine engines, 
and consists basically of a gas turbine on the 
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front of which is mounted a reduction gearbox 
driving a Ratier-Figeac three-bladed electri- 
cally controlled variable pitch propeller of 
6.7 feet diameter. 

The engine rotation speed is particularly 
high: 43,500 r.p.m. which is reduced through 
the reduction gear to 2,400 r.p.m. at the pro- 
peller. Power output has increased from 385 
s.h.p. during the first test bench runs, to 530 
s.h.p. at take-off and it is likely that this will 
be further increased in the near future to 600 
s.h.p. At present, the specific fuel consumption 
is 0.48 lb/shp/h. 

The four engine nacelles are completely 
interchangeable and project considerably 
from the leading edge of the wing. The inner 
engines are mounted 7 feet and the outers 


14.7 feet from the centre line of the aircraft. 

The engine nacelles are cylindrical and 
extremely slender, with a frontal diameter 
of 19.8 inches. An oil cooler air intake is fitted 
on the underside; the jet pipe, 8 inches in 
diameter, projects below the wing at an angle 
of 20°; and a steel double skin protects the 
wing from the hot gases. 

The engine and propeller controls are 
designed so that maximum power is obtained 
automatically. In flight, a manual control is 
operated by the pilot to adjust the power out- 
put and the aircraft speed. At take-off or 
when full power is required, an automatic 
control adjusts the propeller pitch to the 
aircraft speed at the particular time. A fuel 
flow control maintains the engine speed 








Technical Data on the Potez 840 


Dimensions 


eS. 5 us ale cd ee 49.9 ft 
SUE. 9d > a, cale> 4%, SW a, lea eS e.Ts 17.2 ft 
Seg Se aa ak Geta a aa 62.0 ft 
Ss ay ate. ge aaa Gilt e Glee 374.5 sq. ft. 
SSC ere eee eee 10.75 
Undercarriage track... ....022% 14.7 ft 
ME ga ye ae oe Ee Aes 16.3 ft 
Powerplant 
Se a aes, ok eva ce EN Aa Turboméca 
Astazou // 
a ii che ng ids G0 Aga xpi) eck ie ee 4 
. 0. 530 s.h.p. 
562 e.s.h.p. 
Max. continuous power (ground level) . 480s.h.p. 
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ee cdl see dm Re Be deol 365 s.h.p. 
ee ee eee ee 18 in 
Se ee ee eee ee 270 Ib 
PRS <a “Gi ore 6 kas & Ge oo Ratier-Figeac 
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Weights and performance 





Passengers Exe- 
16 24 cutive 





Weight empty (Ib) 9,926 9,926 9,926 
Furnishings and seats (Ib) 1,040 996 1,420 
Weight empty equipped (Ib) 10,966 10,922 11,365 


Crew (Ib) 338 338 338 
Fuel and oil (Ib) 2,686 2,686 5,896 
Fuel capacity Imp galls 340 340 730 
Payload (Ib) 3,160 4,752 1,980 
Max. take-off weight (Ib) 17,150 18,698 19,579 


Wing loading (Ib/sq.ft.) 44.6 48.6 50.8 
Weight per horsepower (Ib/hp) 7.4 8.8 9.2 
Max. speed at 19,000 ft (kts) 286 286 286 
Cruise speed at 19,000 ft (kts) 277 
Rate of climb at take-off(ft/min) 2,300 2,100 1,800 
Rate of climb. 3 engines (ft/min) 1,400 1,286 1,010 
Service ceiling (ft) 38,400 35,000 32,000 
Take-off at allup weight (Ib) 17,150 18,698 19,579 
(sea level, ISA) 
| - Ground roll (ft) 1,870 2,280 2,550 
- Take-off distance (ft) 2,060 2,500 2,790 
- Runway length (SR 422B) (ft) 2,630 3,200 3,670 
Landing weight, fuel used ex- 
cept reserves (Ib) 15,400 16,940 14,740 
Landing distance (ft) 1,980 2,180 1,900 
Max. range with reserves (n.m) 590 565 1,710 


Three-view drawing of the Potez 840. The rotation 
planes of the propellers are 7.5 and 8.6 feet from 
the wing spar respectively. Three windows are 
situated ahead of the wing root and four behind. 











The 
pat 
mo 
45°, 
cor! 
off, 


Z km 





































T Seating layout of the 24 
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Diagram indicating block speeds, flight times and fuel consumption in relation to the stage length. The block speed 
is calculated as Stage length/Flight time, the flight time being counted from take-off to landing. The block time is 


equal to flight time plus fifteen minutes procedure time. 


constant under all conditions 
demand. 

The total capacity of the eight fuel tanks 
(four in each wing) is 352 Imp. gals, giving a 
capacity of 340 Imp. gals available to the 
engines. In the executive version, extra tanks 
are fitted with a total capacity of 730 Imp. 
gals. 

The cockpit is laid out to accommodate 
two crew; a pilot and a second pilot/navigator. 
The flight and navigation equipment has been 
selected to simplify the work of the two crew 
to the utmost, and includes: a 880 channel 
VHF transmitter/receiver (transmission 116— 
149.95 Mc/s; reception 108-151.95 Mc/s), a 
360 channel VHF transmitter/receiver,a VOR 
receiver and an ILS receiver all manufactured 
by Collins, and a CSF radio altimeter and 
radio compass. The auto-pilot is a Lear L5B 
and is coupled to the flight director which has 
only two displays, instead of the five found 
in most equipments. The windscreen consists 
of four panels and, to conform with American 
specifications, the fuselage nose will be slightly 
modified to incorporate two side windows. 

* 


At the end of last September, a sales 
agreement was made with the American 
company Turbo Flight. Following this agree- 
ment, the manufacturer will supply a de- 
monstration aircraft to the American com- 


of power 





The mechanism of the high lift flaps is 
patented by Potez. The centre of rotation 
moves when the flap extension reaches 
45°. The flap angles of 20°, 45°, and 60° 
correspond to the extensions for take- 
off, approach and landing. 


pany next year, and from 1963 onwards, 
twenty four aircraft per year for tge next five 
years, alothough the agreement is not rigidly 
time-limited. Turbo Flight, under its presi- 
dent Don Payton, was established in the 
United States to distribute and carry out the 
maintenance of both executive and transport 
turboprop aircraft. The company has twelve 
regional offices (eight in the United States, 
three in Canada, and one in Mexico). After 
carrying out a market survey in these three 
countries, Turbo Flight considered that the 
French aircraft possessed sufficient sales 
appeal to merit an arrangement covering 
twenty four aircraft per year. Each order 
will, however, be the subject of a separate 
contract between the customer and the 
constructor. 
* 


The A.T.A. method of calculation of direct 
operating costs of the Potez 840 gives the 
following results, the cost per seat/mile being 
— for the “‘Luxe”’ version: 

2.2d over 300 miles; 
1.9d over 600 miles; 
— for the ‘‘Courtoisie”’ version: 
1.4d over 300 miles; 
0.8d over 600 miles. 


It is the intention of the constructor that the 
Potez 840 should have appeal for air transport 






The cabin layout of the 16 seater ‘‘Luxe” version. The 
double-slotted high lift flaps can be clearly seen. 
















companies desirous of increasing their turn- 
over, by providing rapid and frequent services 
between large centres of population in the 
same country, or feeder services to the long 
and medium haul routes. Also to military 
aviation as an economic liaison aircraft; and 
to the business man to whom it offers comfort 
and a wide variety of applications. 

Frequency of service is an essential for 
short haul air transport; this leads to limita- 
tion in the capacity offered so that a high load 
factor can be maintained. In this respect, an 
aircraft designed for the transport of twenty 
passengers offers a satisfactory solution. Speed 
is also an essential and 265 knots would 
appear to be a reasonable figure. 


* 


The constructor hopes to achieve a pro- 
duction rate of four aircraft per month (two 
of which are intended for the American 
market) from October 1963 onwards. Con- 
struction will be carried out in France (Tou- 
louse and Argenteuil) and in Ireland, where 
the factories owned by M. Henry Potez will 
be converted to aircraft construction. A new 
aircraft, attractive in appearance, the Potez 
840 offers considerable advantages in the 
search for tariffs competitive with other 
modes of transport, and for increased load 
factors. 


= i 
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North to the Midnight Sun 


By Martin Deskau, \nteravia, Geneva 


I. took barely two hours by a Caravelle of Finn- 
air from Hamburg to Helsinki, gateway to the 
land of a thousand lakes, of unending forests, and 
of the midnight sun. Popular ideas of Finland do 
not usually go beyond timber and sawmills, the 
Lahti long-wave transmitter, the composer 
Sibelius, and the long-distance runner Nurmi, 
the “‘Flying Finn.” 


On the other hand, not a great deal seems to 
be known outside Finland about her activities 
in the sphere of aviation—whether commercial, 
tourism, or sport—and it is mainly these which 
I have come to reconnoitre in the few days at 
my disposal. 


The country itself? The area is, to be precise, 
130,127 sq. miles which one might, for instance, 
compare with the 94,000 odd sq. miles of Great 
Britain and Northern Ireland. Population four 
and a half million. Outside Helsinki (nearly half 
a million) the biggest town is the up-and-coming 
industrial centre of Tampere (over 125,000). Long 
distances, widely dispersed centres of population, 
and prosperity, should add up to an interesting 
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market for domestic air transport. The language 
is mainly Finnish, Swedish is fairly widely under- 
stood, and English takes you quite a fair way, 
in Helsinki at any rate... 


Air Transport 

Our first target in Helsinki is Finnair’s Head- 
quarters, where Veli Virkkunen, the Company’s 
Public Relations Chief, conducted me through 
the Airline’s modern premises. This is a place 
which sees continual comings and goings, for 
Finnair has regular services to 14 towns in Fin- 
land, besides its international links to Moscow, 
Hamburg, Frankfurt (Main), Cologne/Bonn, 
Zurich, Amsterdam, Paris, London, Copenhagen, 
Stockholm, Oslo, and Sundsvall. Seventy percent 
of the international services are taken care of by 
Finnair’s three Caravelles, which are to be 
augmented by a fourth next February. The seven 
Convair Metropolitans and the same number of 
Douglas DC-3s are employed mainly on domestic 
routes. 

Important Finnair operations, which go 
unnoticed by the general public, are the night- 





mail and all-freight services, particularly those 
to Vaasa, Oulu, and Kemi. Indeed, the Helsinki 
dailies are sometimes on sale in these towns 
earlier than in the capital itself. Freight to Rova- 
niemi takes about two and a half hours by air, as 
against twenty-four or so by train. Another 
speciality of the Finnish flag-carrier is its ‘‘Dream- 
flights to the Midnight Sun,” more of which 
anon. 


It was Engineer Lahti who showed me over 
the Finnair hangar at Helsinki Airport. Although, 
at first glance, this appears much the same as any 
other overhaul hangar, certain differences emerge 
on closer inspection. For instance, since normal 
heating units would not be adequate in the cold 
which frequently occurs in Finland, the hangar is 
equipped with heated floors. The aircraft under 
maintenance are parked tail-to-wall (the rear wall 
of the hangar) and not nose-to-wall. The main- 
tenance equipment is mounted on this wall, so 
that it does not cause obstruction. All basic over- 
hauls are carried out by Finnair itself, the only 
exception being the Rolls-Royce Avon engines 














for the Caravelles, which are shipped over to 
England every 1,400 hours. Basic overhaul of a 
Metropolitan takes nine days, a DC-3 five. 100- 
hour checks are spread over several days on the 
split maintenance system, making it unnecessary 
to take the aircraft out of service. No stores of 
Caravelle spares have been established at inter- 
mediate stages, nor have any maintenance con- 
tracts been made with other airlines; the system 
is to carry a mechanic in each Caravelle and to 
stow the spares (tyres and so on), which experience 
has shown to be most frequently required, in the 
aircraft’s hold. 

The fleet of the second largest carrier in Fin- 
land, the Kar-Air O/Y, at present comprises four 
28-seat Douglas DC-3s and one 85-seat DC-6B, 
in addition to two Convair 440s and one Lock- 
heed Lodestar. Regular daily flights are operated 
from Helsinki to Lapeenranta and Joensuu and 
to Tampere, Kauhava, and Kokkola/Gamlakar- 
leby. Kar-Air operates a daily Tampere/Stock- 
holm flight, offers a weekly Helsinki/G6teborg/ 
Luxemburg/Barcelona/Malaga “Sunshine Ser- 
vice,’ and organises all-in tours to various places, 
such as Austria, Italy, and the Canaries. 


Sports Flying 

One would imagine that Finland’s vast sombre 
forests and her 60,000 lakes would be insuperable 
obstacles to gliding. And it is true that, in some 
regions, only the roads offer a place to land 
unscathed. In the South West of the country, 
however, the conditions for gliding are at least 
as good as those to be found further South- 
given the long hours of sunshine, perhaps even 
better. In Lapland, on the 2,700 ft Pallastunturi, 
even standing wave flights can be carried out. 
So the sporting Finns number gliding among 
their popular pastimes. 

I was lucky enough to have arrived just at the 
right time for this year’s gliding championships 
from June 4th to 17th at Parola, near Hameen- 
linna. This meeting included nine competitions, 
despite the fact that the tests were far from easy 
and the weather was not kind for the whole time. 
The winner was 22-year-old Matias Wiitanen 
who aggregated 7,256 points on a Kajava. He was 


Using a Sud-Aviation Caravelle, Finnair “beats the clock” by landing in Stockholm five 
... 55 minutes flying time as against a 60- 


minutes before taking off from Helsinki 
minute difference in local time. 





This is not, as one might 
think, the main building 
of Helsinki Airport, but 
of Helsinki-Malmi Sports 
Airport. The hangars are 
packed with gliders and 
sports and touring air- 
craft of every type. 


The Finnair maintenance 
hangar at Helsinki Air- 
port, at which a staff of 
about 450 is employed. 
A second hangar of the 
same dimensions (490 ft 
x 164 ft) is to be erected 
shortly. 


followed by Juhani Horma (6,934 points) and 
Harald Tandefelt (6,318 points), both of whom 
flew Ka-6CRs. Fourth place went to Jorma Jal- 
kanen (6,084 points) flying a Vasama, the latest 
glider of Finnish design. Amongst the daily tasks 
were the 190-mile triangular Parola/Jamijarvi, 
Oripaéa/Parola course, in which Jalkanen set up 
a new national record of 84.4 km/h (just over 
52 m.p.h.), and the distance event on June 6th, 
won by L. Liljamo, who covered 518 km (about 
324 miles).There were 22 participants, and here 
are the types they used: PIK-3c Kajava (10); 
PIK-16 Vasama (1); Schleicher Ka-6 Rhdnsegler 
(1); Ka-6CR (6); Ka-8 (1); Scheibe Zugvogel- 
IVA (1); DFS Olympia-Meise (1); SZD-8 Jas- 
kolka (1). 


Douglas DC-3s. 
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I followed up the visit to Parola with a short 
call at the Jamijaérvi Gliding School, including 
a three-quarter of an hour’s flight in a Polish 
glider—the two-seat SZD-9 Bocian. Here, two 
Schleicher Rhénlerch-I] trainers are used for 
basic instruction and the Bocian serves for the 
introduction to performance gliding. The single- 
seat gliders available to students are two PIK-3c 
Kajavas and two DFS Olympia-Meises. A three- 
weeks’ course, at the end of which a pupil may 
—weather permitting—obtain his C certificate, 
costs 25,000 Finmarks (about $78), with an extra 
450 Finmarks ($1.40) per day for board and 
lodging. 

As far as sports aircraft are concerned, their 
championships had already been held in May, 


The Douglas DC-6B, pride of the Kar-Air fleet, is at present the only four-engined air- 
craft registered in Finland. Front right: the tail unit of one of the Company’s four 
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at Utti. The 38 participants were not only put 
through navigation tasks and spot landings, but 
were also required to pass theoretical examina- 
tions. The models flown at this event were the 
Heinonen HK-1, PIK-1, Valmet Viima II, Cessna 
150 and 180, Focke-Wulf Stieglitz, Piper Super 
Cub, Saab Safir, Scintex Emeraude and Zlin 381. 
The winner of the championships—all events 
combined—was Mikko Lallukka, of Finnish 
Air Force Headquarters. 


Aircraft Construction 


In parts, National Highway No. 4 reminds one 
of a motorway, but other sections are more like 
a widened path through the forest. This was the 
road which took me to Tampere, where the main 
facility of Valmet O/Y, Finland’s leading con- 
structor, is to be found. 


So numerous are the other products made here 
—diesel electric traction engines, diesel rail cars, 
air conditioning plant, and fork lift trucks—that 
one could almost miss the parts of the Potez- 
Air Fouga CM.171R Magister altogether. Never- 
theless, about 200 workers are employed here on 
aircraft construction, though they are sometimes 
switched to other jobs. 


The tooling for the Magister is modern, some 
of it specially made for the purpose. Fuselage and 
wings are built and assembled here, and then 
forwarded to the Valmet factory, founded in 
1940 at Kuorovesi. The latter’s main function is 
final assembly, but it also looks after the produc- 
tion of landing flaps, fuselage nose, rudders, and 
tailplanes, for the Magister. Test flights are 
carried out on the adjacent airfield, with a 5,800-ft 
runway that is currently being lengthened to 
8,250 ft. Another of Valmet’s activities at Kuoro- 
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Gliders in Finland. Top: 
the Rhdénlerche-Il two- 
seat trainer in licence 
production by the K.K. 
Lehtovaara O/Y, Jami- 
jarvi. Below: the Finnish 
Kajava PIK-3c_single- 
seat performance glider, 
the most successful design 
of the Flying Club of the 
Finnish Institute of Tech- 
nology apart from the 
PIK-5 single-seat trainer 
aircraft. Also in use are 
the Hatakka and the 
PIK-12 (Finland); the 
Ka-2B, Ka-6, Ka-7 and 
Ka-8, and the Scheibe 
L-Spatz and Bergfalke- 
W/55 (Western Ger- 
many); the Libelle Stan- 
dard (East Germany); 
the Jaskolka, Czapla, 
Mucha-100, Mucha-Stan- 
dard and Bocian (Poland) 
the Super Futar (Hun- 
gary); and the Slingsby 
T-21B (Great Britain). 


Traffic Using Finnish Airports 








vesi also deals with the overhaul of the Finnish 
Air Force’s jet aircraft, Vampires and Vampire 
Trainers. Soon Gnats will be included too. The 
jet engines are overhauled at Valmet’s Linnavuori 
works. 


It is only a few minutes from Kuorovesi to 
Veljekset Karhumaki O/Y, the firm founded by 
the Karhumaki brothers, Niilo, Valto, and Uuno, 
which has in its time played an important part in 
Finnish aviation. Karhumiaki designed and built 
its first aircraft in 1925 and, after the second 
World War, produced the Karhu 48. At the 
moment, however, the firm’s activity is the over- 
haul of piston-engined aircraft (the Saab Safir) 
and of piston engines for the Finnish Air Force. 
It is, however, possible that the firm will one day 
again take up the construction of aircraft, either 
under licence or of its own design. 


Unfortunately, there was no time to take in the 
Finnish Air Force on this trip. Although of 
relatively low strength, the squadrons are as far 
as possible being re-equipped with modern air- 
craft. At the moment, for instance, the Finnish 
military fleet includes 12 Gnat jet fighters. It had 
been planned to purchase Saab J35F Drakens, 
but as Sweden is not yet prepared to sell this ver- 
sion abroad, the Dassault Mirage III is now 
under serious consideration. Fighter training 
comprises 351 hours, of which 84 are spent on 























Domestic Traffic International Traffic 
scheduled non-scheduied scheduled non-scheduled 
Year s 
take-offs landings take-offs landings take-offs landings take-offs landings 

1957 27,094 27,101 16,969 16,990 4,209 4,213 536 536 
1958 26,711 26,722 14,274 14,281 4,398 4,360 600 615 
1959 27,546 27,334 14,209 14,224 4,486 4,497 842 851 
1960 30,726 30,731 18,666 18,674 4,781 4,808 1,048 1,044 
































The PIK-16 Vasama 


The PIK-16 Vasama performance glider, designed 
by Tuomo Tervo, Jorma Jalkanen and Kurt Hedstrém, 
was built in the workshop of the Jamijarvi Gliding 
School. This FAI standard class mid-wing monoplane 
is of wooden construction. A special feature is the box- 
span which occupies 40 percent of the wing chord. The 
following data apply to the prototype, and the perform- 
ance figures are calculated values: 


NY oS wag ota Ce ae SR ee. 49.2 ft 
ENE oe ee ne 20.0 ft 
Ss 55, ga 32.0) oO 125.2 sq. ft. 
0 ee ae ee ee ae ee 19.2 
Ca ere er eee 450 Ib 
Ee ee eee ee 616 Ib 
Sa a ee eee 4 

eta ae ay Seis ee 6 a Oe 45 kts 
ee er eee 120 f.p.m 

DRM a, i dy am ehe ts kr a ate « Ie 40 kts 
EE 6: a ee He oe BOE A 240 f.p.m 

ae ee se gs ik a kee Bw Ug? I 64 kt 
SE ee ee are 33 kts 
maximum permissible speed. .,.. . 132 kts 





The Heinonen K-2 


This two-seat trainer and sports aircraft was devel- 
oped by Juhani Heinonen from his HK-1 single-seater 
and commissioned by the Finnish Aeronautical Asso- 
ciation. The aircraft is a low-wing monoplane built of 
wood, with side-by-side seating and fixed landing gear, 
powered by a 115 h.p. Lycoming O-235-C1 engine; fuel 
supply 24.2 1.G. The following weights and performance 
figures are calculated values: 


OS © tea ae be bs a ek a 26 ft 
NS eyed) @ 8g Rice ed a ee 20.2 ft 
NONNE bn ols 6 Rose 3 66" s 748 Ib 
Ee ari ae 1,320 Ib 
TN, ery se ke ae oe aka 8 14 Ib/sq. ft. 
ee ee eee 11.4 Ib/h.p. 
ee 127 kts 
cruising speed at sealevel....... 112 kts 
flying range using 60% of the engine's 

rated power, without reserves .... 470 n.m. 
eee ee 655 ft 
rate of climb atsealevel. ....... 890 ft/min 

















the Safir, 151 on the Magister, 30 on the Vampire, 
and 86 on the Guat. 


To the North Cape and the Midnight Sun 

This fascinating trip starts with the usual 
routine at Helsinki Airport. Here we put our- 
selves into the capable hands of Finnair which 
has planned everything, save only the weather 
...and for this we must keep our fingers crossed. 

Cabin service through the trip is excellent and 
the hospitable Finns do not stint the “inner man.” 
The guide who accompanies us provides a com- 
mentary on the towns and other places of interest 
on the route; this he does in Finnish, Swedish, 
English, and German. 

It is 20.28 when our Convair Metropolitan 
becomes airborne and sets course for Vaasa on 
the West Coast of Finland. Low cloud unfor- 
tunately obscures Tampere (main industrial centre 
of Finland). Through gaps in the cloud we see 
the strip fields of South-West Finland, then in a 
clear sky we overfly the Gulf of Bothnia, follow 
the Swedish coast north-eastwards, and touch 
down on the concrete runway at Lulea at 22.19. 

This landing is “forced” for the one good 
reason that, on Finnish domestic flights, ‘‘pro- 
hibition” is the rule. The diversion via Sweden 
was Finnair’s ingenious answer to the problem 
of the foreign tourist’s thirst. A quarter of an 
hour later we are off again to Kemi and Rova- 
niemi but again the weather is unkind and we 
cross the Arctic Circle in cloud. There is a curious 
light everywhere, a kind of indirect lighting 
provided by a thin cloud cover above us. It is 
Midsummer Night, and, if you look carefully, 
you can distinguish here and there Midsummer 
Night’s bonfires. 

The roads are now becoming fewer and there 
are marshes between the forests. The light green 
to dark greenish-brown landscape resembles the 
shallows of the tide. We are over the Norwegian 
province of Finmark, which, even in summer, 
remains partly covered with snow and ice. At 
00.30 we reach Porsanger Fjord, where weather 
and visibility are now much better. Settlements, 
roads, and even a sports stadium can be seen 
below, and the landscape has become gentler 
again. 

At 00.52 the North Cape is below us. On it 
shines the sun, which is away to the north, a good 
way over the horizon. The 1,000 ft sheer cliffs 
fall into the sea. Down we go and circle several 
times round the most northerly point of the 
continent of Europe. 

But it is already time to turn back. We make 
for Lake Inari, which we overfly at 01.58, and 
then continue towards Rovaniemi. There is a 
quick glimpse of Ivalo Airfield, northern limit 
of the Finnair network. Its sandy runway can 
take aircraft up to the weight of the Douglas 
DC-3. 

Our aircraft’s next port of call was Rovaniemi, 
the capital of Lapland, and we embarked on a 
tour round this town, remarkable for its modern 
buildings. As a result of the efforts of well-known 
Finnish architects, a fine city has risen out of the 
Shell left at the end of World War II. Back in the 
aircraft, and on towards Kajaani, with a tempting 


The PIK-11 single-seat 
sports aircraft built by 
members of the Hel- 
sinki Flying Club made 
made its first flight in 
March 1953. Powered by 
a 65 h.p. Continental 
A65-8 engine, this low- 
wing monoplane with a 
span of only 26.25 ft 
reaches a maximum speed 
of 137 m.p.h. at sea level. 
Take-off weight is 825 Ib. 


In the mid-fifties, the 
Valmet O/Y developed 
the Vihuri trainer air- 
craft for the Finnish Air 
Force. 51 machines were 
built. Powered by a 820 
h.p. Bristol Mercury VIII, 
the Vihuri achieved a 
maximum speed of 267 
m.p.h. at 12,140 ft. 


The Karhumiki brothers 
started building aircraft 
in 1925. The Karhu 48, 
powered by a 190 h.p. 
Lycoming 0.435 A en- 
gine, was a product of 
the post-war years, and 
was also built as a land- 
plane. 


breakfast to keep us awake. Below us the forests, 
which contain so much of Finland’s treasure. The 
felled trees float down the river and, when they 
reach the lakes, are tightly packed side by side, 
forming, so to speak, giant rafts of weird shapes. 
We also get another aerial view of Savonlinna, 
with Finland’s most beautiful mediaeval castle. 


Finnair’s midsummer night flights. During the flight to 
the North Cape, intermediate landings are made at 
Lulea in Sweden, and during the return flight at Rovaniemi 
in Finland. The geographical latitude of Helsinki, 60°10’N, 
is similar to that of Anchorage in Alaska. North Cape is 
situated at 71°10’N. 
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When we reach Helsinki at 07.05, most of us 
are ready for bed. In the course of our eleven- 
hour journey, we have covered nearly 1,800 miles. 
We have been model tourists, and thoroughly 
enjoyed it. 


And so our Finnish journay draws to a close. 
Many things could still be said. About Finland’s 
industry, for instance, which is constantly 
expanding (exports in 1960 about 317,000 million 
Finmarks as against about 248,000 million two 
years earlier) and about the constant increase in 
air traffic which accompanies it. Now that the 
jet has brought the beauties of Finland within 
a day’s journey from Western Europe, an increas- 
ing number of holidaymakers will visit this country 
on the Northern shore of the Baltic, a fact which 
should certainly redound to the benefit of Finn- 
air’s plans for expansion. Industrial development 
may also possibly give a fillip to Finnish charter 
and taxi flying, and may well open a new and 
interesting market to the constructors of small, 
multi-purpose aircraft. 

After my short week in Finland, my vocabulary 
of the difficult but attractive national language 
is extremely modest. Nevertheless, it includes the 
wherewithal to say to the most likeable Suomi 
people ‘“‘Nakemiin”—au revoir. + 
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The Consolidated Diesel Electric Corp., Stamford, Connecticut, is putting its 
Model 2131 tow tractor, which can push or pull aircraft weighing up to 500,000 Ib, 
on the market. The 32,000 Ib tractor is powered by a six-cylinder diesel engine 
(220 h.p. at 2,100 r.p.m.), has hydraulically powered steering, and pneumatic 
brakes. Dimensions are: length 202 in, height 102 in, width 96 in. Drawbar pull is 
27,000 Ib, and the power winch incorporated in the tractor provides 60,000 Ib pull. 
There are differential gears on both front and rear axles; four-wheel drive and 
steering allow the driver no-slip manoeuvre capability on wet or slippery surfaces. 
The driver can select two-wheel or four-wheel drive. Three-speed forward and one- 
speed reverse transmission is taken care of by a torque converter, which decreases 
the multiplication factor until it reaches a one-to-one ratio. An air-operated 
disconnect clutch separates the engine from the torque converter. The planetary 
type transmission is designed to withstand very rough treatment. 

The Model 2131 accommodates the driver in a closed upper cab with all round 
vision, and four ground personnel in a lower cab. Both cabs are heated by petrol- 
burning heaters, which also warm the engine and other components, this allowing 
operation at temperatures down to 65°F. 





The Navy Bureau of Weapons commissioned Hughes Aircraft Co., Culver City, 
California, to develop this new highly sensitive infra-red detector, which operates 
at — 452°F. Aclosed-cycle liquid helium cryostat, thought to be the smallest in 
the world, is used for refrigerating the equipment. As a result of the extremely low 
operating temperature it has been possible to achieve a very high degree of sensi- 
tivity. For instance, fractional changes in the temperatures of the moon were 
registered during a recent eclipse. The only technical details available are the 
weight (27 Ib) and the volume (less than | cu.ft) of the cryostat, which consists of 
two units connected by a coaxial pair of tubes. 
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Equipment - Materials - Techniques 


For some time, General Dynamics/Astronautics, San Diego, California, has been 
working on the explosive forming of metal parts. This process is expected to lower 
tooling costs by some 40 percent as compared with traditional methods. The 
engineer on the left of the picture is holding a cone of sheet metal, which is placed 
in a die. Water between the metal plate and die is removed by means of a vacuum 
hose. A hoist lowers the complete die into a water tank, where '/, oz of dynamite 
is then placed just below the surface of the water and slightly above the die. The 
charge is exploded, and the resultant shock waves from the sub-surface blast force 
the metal into the die, immediately shaping it. General Dynamics ¢ecen!!y put into 
service a new $40,000 facility comprising a 12-ft diameter tank, two buildings, a 
five-ton hoist, and two explosive magazines in a 16,000 sq. ft. compound. The tank 
can take dies up to 8 ft in diameter and up to 6 ft high. The programme includes 
production of Atlas and Centaur components. 


Vikrotechna, Czechoslovakia, is the producer of an electrical artificial horizon 
(below left) designated LUN 1202, which is particularly suitable for sports and 
executive aircraft on account of its light weight (3 lb 3 oz) and smallness. The 
horizon is combined with a twin-and-bank indicator and shows by means of a 
glow discharge tube in the centre of the aircraft symbol, when the operational 
rotation speed of the gyro has been reached. At the request of British customers, 
this indication was modified so as to give a red signal up to nominal rotation speed 
and a green signal thereafter. Microtechna also offers a remote dual r.p.m. indicator 
for helicopters, under reference LUN 1331. Engine and rotor r.p.m. is displayed on 
a common scale (in the picture below the two indicators are one above the other). 
The syncronoscope incorporated in this equipment allows very sensitive assessment 
of rotor slip. Technical data: measuring range 400-3,600 r.p.m.; error 0.75 per- 
cent; weight 34 oz. Both items of equipment are marketed by Omnipol, Prague. 
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A new ultrasonic cleaning principle is incorporated in the Pall-Cavitron HIPS 
Ultrasonic Cleaner, manufactured by Aircraft Porous Media Inc., Glen Cove, N.Y. 
Fine wire mesh filter elements, as used in aircraft and missiles, can be cleaned by 
focused ultrasonic energy in ten minutes. The reliable cleaning of even 10-micron 
and finer filters is guaranteed by the manufacturer. 


Jessop-Saville Ltd., Sheffield, England, has installed a one-ton capacity vacuum 
induction furnace, designed for the large-scale production of alloys for gas turbines, 
high speed steels, and ultra-high tensile steels. Vacuum melting has also permitted 
the development of a new field of nickel-based heat-resisting alloys for turbine 
blades; the range now includes the G.64, G.67, G.74 and G.84 for the precision 
casting of such blades in vacuum. High creep strength wrought blading alloys, 
designated G.62 and G.70, have also been developed. Research and development 
work is in progress on super heat-resistant materials based on molybdenum, 
niobium, and chromium, some of which are undergoing proving tests. 


Lockheed Electronics Co., Los Angeles, California, has developed electric welding 
equipment, which generates temperatures of up to 17,000°C. This device, shaped 
like a spray-gun can spray ultra-thin layers of aluminium-oxide, or other ceramic 
materials. The gases are brought to such a high temperature in the electric arc, 
that they are transformed into the plasma state. Ceramics, which are blown through 
the “‘flame,” are transformed into a spray mist, which adheres firmly to the surface, 
immediately on contact. The equipment is water-cooled and hand-operated in the 
same way as a welding gun. Lockheed uses this equipment in the production of 
semi-conductors, which are so thin that a 50-layer sandwich is no thicker than a 
postage stamp. 


A new heat-insulating tape has been brought out by Minnesota Mining and Manu- 
facturing Co. St Paul, Minnesota, which has a wide application in rocketry (Titan 
and Mercury). Known as Scotch Y-9050, this tape is a lamination of .0005 in 
aluminium foil to .002 in glass cloth coated with a while silicone-based adhesive, 
and it withstands temperatures of 500° to 600°F (continuous performance) and 
more than 3,000°F (for short periods). Y-9050 has been specially designed for 
covering heat-sensitive components, such as electrical control cables, circuits, 
piping and pump valves, and its advantages include: reflection of intensive infra- 
red radiation; ease in handling; suitability for special-wrapping without damage 
to the reflectance; exceptional thinness and flexibility; rapid and permanent 
adherence; lightness (.0038 Ib per ft/in of width) with tensile strength of 75 Ib per 
in of width; slow aging. 


Ultrasonic Industries Inc., Plainview, L. 1., N. Y., is marketing a sonic gun which is 
designed for instantaneous ultrasonic defoaming, degassing, mixing, and dispersing 
of liquids in pipelines or tanks. The device can also be used as a high level noise 
source but, unlike conventional sirens or whistles, has no moving parts. It requires 
a source of compressed air from 50 to 100 p.s.i. The equipment works in the 10 to 
100 K/cs frequency range, can be used in liquid or air media, and is unaffected by 
extreme high or low temperatures and atmospheric pressures. As it requires no 
electric current, this sonic gun can be employed in explosive atmospheres. 


The F.117 series cameras produced by the Williamson Manufacturing Co. London, 
are suitable for a large range of aerial photographic duties. Four versions are 
available. The A version is of orthodox design, hand-operated, and fitted with 
trigger, rewind handle, and other controls at the side. Version B is electrically 
operated, and hand-held; a 28-volt d.c. supply is required. Camera C is installed 
in an anti-vibration mounting, and designed for vertical or oblique installation. 
Lastly, the E version is electrically-operated (internal power supply) and hand-held. 


Teddington Aircraft Controls Ltd., Merthyr Tydfil, Wales, is now manufacturing 
under licence a wide range of equipment, designed by the Afeliers S.E.M.C.A. 
Toulouse, including the Noelle 60 gas turbine starter. The cutaway drawing shows: 


1 —Single stage centrifugal compressor with diffusor, entry nozzles, and com- 
bustion chamber; 


2 — Compressed air enters the combustion chamber through holes in the chamber 
wall; 

3—Ten fuel atomizers ensure uniform mixing and are ignited by two sparking 
plugs; 


4 — First, or high-pressure, stage of the turbine, which drives the starter compressor ; 
Electric starting motor for the Noélle 60 with clutch; 

The combustion gases pass through guide vanes to the low pressure free 
turbine, which in turn spins the jet engine through a two-stage reduction gear 
and clutch. The latter cuts out the starter as soon as the engine is running. 
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The Walter Kidde Company Ltd., Northolt, England, recently put on the market, 
under the trade name of Armadillo, a portable building on an inflatable framework, 
which can be quickly erected and dismantled without skilled labour or special tools. 
Although of lightweight material, the Armadillo is very robust, offers all-weather 
cover, and can be ventilated to the degree required by means of hinged flaps. Each 
flap is hinged to a metal tube, at each end of which is a metal ring loosely fitting 
over the inflatable tubular member. The inflatable framework has been developed 
by B.C.R. Industries Ltd. for Kidde, and can be adapted to any configuration of 
building. Working pressure is 100 p.s.i., test pressure 200 p.s.i. Weight is low— 
tubes of 6 in diameter, for instance, weigh 18.5 oz per foot. Tubes of up to 4 in 
diameter are reinforced with riylon, and the 6 in tube with terylene. Kidde delivers 
the entire Armadillo set (including the flaps, framework, and, if required, insulation 
or anti-mosquito lining) in compact containers, which are also suitable for parachute 
dropping. 


A series of pumps, with outputs ranging 
from 1 to 25 IG/min, is produced by 
Hispano-Suiza, Bois-Colombes (Seine), 
France. These are light weight, self- 
regulating pumps, and operating pressure 
is quoted as 4,000 p.s.i. 





Illustrated below is the Noelle 60 gas turbine starter. The automatic starting 
sequence takes 15 seconds from pressing a button inthecockpit. The starter is 
completely independent of ground equipment, and has a peak power of 55 b.h.p. 
Its ‘free”’ turbine brings the engine up to starting rotation speed and, once the jet 
has started, stops itself automatically. The starter uses 0.1 a.h. per start and fuel 
consumption is modest (less than half-a-pint per start). Including auxiliary equip- 
ment, total weight is 61!41b, and overall dimensions 2114 in long and 1334 in 
diameter. Other versions with identical power, but smaller in size, are under 
development. 
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Paris-Tananarive (Madagascar) is 12 hours 20 
minutes by Air France Boeing 707 long-haul 
jet airliners. About 25 years ago, the same 
journey took 10 days, flying on a British rou- 
te as far as Broken Hill, then changing on toa 
three-engined Régie Malgache SPCA (right) 
for Tananarive. It is interesting to note that 
in December, 1931, René Lefévre flew the Paris- 
Tananarive route in 11'4 days using a sports 
aircraft powered by a 40 h.p. engine. 





























The American freight operator Seaboard World Airlines and Lufthansa have signed a provisional 13-month agree- 
ment covering joint use of Seaboard World Airlines’ Canadian CL-44 turboprop freighters. The agreement has still to 
be approved by the US and the German Federal Ministry of Transport. The aircraft operating this joint service 
bear the markings of both airlines. 
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Chance 
Vought Inc., has with Ryan Aeronautical and Hiller Aircraft 
been commissioned by the US Defense Department to develop 
a VTOL transport complying with specifications of all three 
Armed Services. The three companies have agreed on the design 
for this tilting-wing transport, which is to have a cruising speed 
of 250-300 knots, a radius of action of 200—300 nautical miles, 
and a payload of about 8,000 Ib. Four General Electric T64-GE-6 
turboprops have been mentioned as powerplant. 














Vought Corporation, a subsidiary of Ling-Temco- 


Alexander Wadkowsky of Republic Aviation has 
been appointed Programme Manager of the joint 
project to be carried out by Republic and Fokker 
for a VTOL single-seat strike/reconnaissance air- 
craft to meet NATO specification NMBR.3. The 
Fokker-Republic project has been designated the 
D.XXIV_ Alliance, and the primary aim is a 
replacement for the Lockheed F-104G and the 
Fiat G.91, although the aircraft could also 
replace the USAF’s F-105s. The second phase 
wind tunnel tests at the National Aeronautical 
Laboratory in Amsterdam has so far been 
satisfactory and should soon be completed. The 
Fokker-Republic team have meanwhile concluded 
a study of the entire electronics system and has 
drawn up a list of possible manufacturers for the 
components. The date by which proposals must 
be tendered has been extended to January 5th, 
1962. It is reported that the Fokker-Republic 
submission is to be one of the most sophisticated 
and detailed projects ever submitted to NATO. 
It covers not only the entire manufacturing 
programme, but also costs, time scale, suggested 
consortiums, and training. 


Professor Luigi Broglio, President of the Italian 
National Research Council’s Space Research 
Committee, revealed in an interview with a re- 
presentative of the /talia news agency that Italy 
is preparing to manufacture a scientific research 
satellite, as well as the appropriate carrier 
rockets. The satellite will be launched from a 
floating platform. Professor Broglio said that 
about 4,000 people are to be employed on the 
project. 


The inaugural meeting of the European Federation 
of Air Traffic Controller’s Associations took place 
in Amsterdam, at the end of October. L. N. 
Tekstra, President of the Netherlands Guild of 
Air Traffic Controllers, was elected President, 
and it was at the same time decided to alter the 
Federation’s style to International Federation of 
Air Traffic Controllers’ Associations ((FATCA). 
The British Guild of Air Traffic Controllers, 
which attended the Conference in the capacity 
of an observer only, announced its decision to 
becom2 a member of IFATCA. The new organi- 
zation includes associations from Austria, Belgium, 
Denmark, Finland, France, Great Britain, Holland, 
Iceland, Ireland, Luxemburg, Norway, Sweden, 




















What's tn 
the Air? 


Switzerland, and Western Germany. A quarterly 
journal is to be published and will be edited by 
W. Endlich, Chief Editor of the journal ‘Der 
Flugleiter.”” It was also decided at the meeting 
to locate the IFATCA headquarters at Cologne- 
Bonn Airport. 

The draft of the US Defense budget for 1962/63 
provides for expenditure in the region of $53,700 
million, about $2,000 million more than fiscal 
1961/62. Allocations to the individual services 
are as follows: $12,700 million to the Army; 
$21,300 million to the Air Force; and $15,600 
million to the Navy. The balance goes to the 
Office of the Secretary of Defense and for 
military aid abroad. $2,000 million is provided 
for the procurement of Polaris FBM submarines, 
$1,800 million for construction of hardened 
Minuteman squadrons, and $325 million for the 
Skybolt air-to-ground guided missile. 

Definite plans have been announced by Beech 
Aircraft Corporation for the construction of a 
6-8 seat twin-turboprop executive aircraft. This 
model would have a cruising speed of about 
300 m.p.h. over 1,490 mile stage lengths. Price 
indication is $400,000. First deliveries of series 
aircraft of this model are scheduled for 1964. 
Ryan is reported to be working on the design for 
a new executive aircraft with STOL character- 
istics, designated BLC.7. It is believed that this 
will be a six-seat high-wing monoplane, with a 
range of about 500 miles at a cruising speed of 
approximately 186 m.p.h. The BLC.7 would be 
powered by two Continental piston engines or, 
alternatively, by two Allison T63 turpoprops. The 
designation adopted suggests that this Ryan 
design may be fitted with a boundary layer 
control device. 

The Australian Parliament is now considering 
revision of the Australian Civil Aviation Agree- 
ment Act and the Australian National Airlines 
Act. The Air Letter’s Melbourne Correspondent 
reports that the amendments proposed could be 
extremely important for the progressive develop- 
ment of the Australian domestic airlines. Besides 
providing financial assistance for the introduction 
of jet transports on domestic routes, the Govern- 
ment’s aims are threefold: 1 — until 1977 at the 
latest (during which period the amended and 
extended Agreement Act would remain in force), 
Australia will have machinery for effective control 


For 12 months, Vickers has 
been carrying out experiments 
with a new VA-1 hovercraft 
recently demonstrated in Swin- 
don, England. These ex- 
periments are in connection 
with the development of a 
hovercraft for commercial use. 
The VA-1 can remain in hover, 
glide slowly forwards, or 
attain a maximum speed of 
40 m.p.h. 





Meatreal 


A de Havilland-Canada DHC.4 
Caribou being tested with two 
General Electric T64-4 turbo- 
prop engines, each of 2,850 
e.h.p. De Havilland-Canada 
offers a combination wheel /ski 
undercarriage. The skis moun- 
ted on the main undercarriage 
can be hydraulically raised or 
lowered, independent of the 
main wheels, operations which 
the pilot can perform both on 
the ground and in flight. To 
convert a standard model Cari- 
bou to the combination under- 
carriage takes about 21/2 hours. 
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An aircraft of German design and con- 
struction recently crossed the Atlantic. 
This is the first such flight since the end 
of the war. The aircraft is a twin-engined 
Dornier D.28 and the flight from Ober- 
pfaffenhofen to Milwaukee via Prestwick, 
Reykjavik, Narsarssuak, Goose Bay, Mon- 
treal took four days. The buyer is Hans 
A. Bauer, President of the Elkhart Engi- 
neering Corporation, Plymouth, Wisconsin. 
The D.28, the first German aircraft to have 
full FAA certification, is now being 
demonstrated in the USA. The crew, com- 
prising Messrs. Bauer and Asmussen, 
completed their flight (route shown in the 
diagram below) without incident. 


Reykjavik 


Prestwick 
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and was safely recovered by parachute. 


Bélkow-Entwicklungen KG’s Bo 103 single- 
rotor, one-man helicopter, powered by an 
82 h.p. Agusta engine, has been undergoing 
' tests for some time. This small helicopter, 

which has an all-up weight of about 880 Ib, 

is being tested by Pilot Kuntz of the German 
helicopter service. 
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A B-58 Hustler has been fitted experimentally with a pilot recovery capsule ejected by two rocket motors. The experi- 
ments with this capsule, which was developed and manufactured to a General Dynamics specification by Stanley 
Aviation Corporation, Denver, Colorado, took place at Edwards AFB on October Sth, 1961. The capsule was ejected 
while the B-58 was, travelling down the runway at a speed of 115 m.p.h. It reached a maximum height of about 250 ft 











Deutsche Lufthansa engi- 
neers have designed this 
supersonic transport, and 
a 1:40 scale model has 
been built at the Lufthansa 
maintenance base at Ham- 
burg. The canard design 
clearly emerges from the 
picture. Fuselage length is 
205 ft, span 99 ft, height 
47 ft, capacity 100-150 pas- 
sengers, maximum take-off 
weight between 350,000— 
440,000 Ib, speed Mach 3. 
No definite decisions have 
been made regarding en- 
gines, which could be 
either pure jet, by-pass, or 
jet/ramjet. 





of almost every aspect of the Australian domestic 
network; 2 — nationalisation of airlines by any 
left-wing government which might come to power 
will be checked by the severest legal obstacles; 
3 — nationalisation of domestic air traffic, based 
on the present system of a _ privately-owned 
domestic airline (Ansett - ANA) and a national 
domestic operator (Trans-Australia Airlines), will 
be further extended. An important clause in the 
amended National Airlines Act obliges the 
Minister for Civil Aviation to fix a profit target 
each year for the Government carrier, taking into 
account the expenses and profits of privately- 
owned companies. During the Senate debate, the 
Minister for Civil Aviation, Shane Paltridge, 
stated that this year Trans-Australia Airlines 
would probably be able to pay its highest dividend 
ever. 

British European Airways started a four-times 
weekly freight service London (Heathrow) 
Milan (Linate), on November 26th using an 
AW.650 Argosy. As from November 27th and 
28th, BEA’s Argosy is also to be used for freight 
service from London to Manchester and Glasgow, 
and from January 30th, from London to Copen- 
hagen. 

Aeroflot’s fleet has been enlarged by the addition 
of two Mil W-2 and W-8 turbine helicopters, 
both designed by M. L. Mil. Both of these 
helicopters are developments of the Mil-1 and 
Mil-4 piston-engined helicopters. The W-2 model 
has two turbines mounted above the fuselage and, 
like the Mil-1, retains the three-bladed main 
rotor and three-bladed tail rotor. The fuselage is 
considerably larger, and the W-2 can carry up to 
eight passengers (as opposed to the two-three 
passenger capacity of the Mil-1). The W-8 has a 
single turbine, apparently a Soloviey TB-2M of 
4,700 s.h.p. The fuselage nose is completely 
glassed-in, and the W-8 is fitted with a fixed nose- 
wheel undercarriage and two blisters on the 
fuselage, apparently for carrying freight or 
additional cargo. The cabin can take 20-28 pas- 
sengers, and is set under the rotor support, which 
suggests that this model can be built with various 
types of fuselage, according to the helicopter’s 
mission (military transport, etc.). 

The long-expected deal between South African 
Airways and the South African charter airline 
Trek Airways has now materialised. Since Decem- 
ber Ist, Trek Airways has hired two of SAA’s 
Lockheed Constellations which operate charter 
services to Europe. As is already known, Trek 
Airways has had full landing rights for Dusseldorf 
and Luxemburg since December, 1958. The three- 
day Johannesburg—Dusseldorf flight costs 239 
Rands ($334.60) return, or 199 Rands ($278.60) 
single. Trek Airways’ remaining Skymaster is to 
be used on 29-hour, direct reduced-fare services 
to Europe. By agreement with Icelandic Airlines, 
Trek Airways if offering a through-rate to New 
York (connection at Luxemburg) at 527.60 Rands 
(return) or 301.20 Rands (single). + 


The Fiat G.91R_ photo-reconnaissance aircraft, which 
has been flown by numerous US Air Force test pilots at 
Kirtland, New Mexico. Behind is a B-52 jet bomber with 
a Lockheed F-104 supersonic fighter (left) and a North 
American F-100 Super Sabre two-seat jet fighter (right). 
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White most of the world’s airlines are com- 
plaining of setbacks in traffic growth on long 
range routes, one area, the Caribbean, is main- 
taining a steady and profitable increase. Big jets 
are being filled and schedules increased. 

Symptomatic of this progress is airport de- 
velopment in Jamaica. With an area of only 4,400 
sq. miles and a population of 1,600,000, the island 
can boast not one but two newly built inter- 
national airports, Palisadoes and Montego Bay, 
each handling over a quarter of a million pas- 
sengers per year. Average rate of increase in 
passengers handled is approximately 20 percent 
per annum. 

Recently I had the opportunity of visiting 
Jamaica, travelling on a Boeing 707-420 of 
BOAC. This service transits New York, Nassau, 
and Montego Bay before terminating at Kingston. 
From New York the aircraft was almost full, 
and it came as no surprise to learn that BOAC 
load factors into and out of Jamaica have 
averaged around 90 percent in the peak season 
of 1961. Although it was only late summer, pas- 
sengers for Jamaica out of New York over the 
Christmas holiday were already being wait- 
listed. BOAC is now studying plans for doubling 
its daily schedules out of Jamaica in 1962 and is 
introducing non-stop flights Montego Bay to 
New York. 

Jamaica, of course, occupies an important 
position in the Caribbean, being a stepping stone 
between the Florida peninsula and South Ame- 
rica. Having decided to secede from the West 
Indies Federation, she will later achieve complete 
independence—possibly in 1962. When this 
occurs, the bi-laterals, previously dealt with by 
Britain, will become a wholly Jamaican affair. 
There is likely to be growing competition, partic- 
ularly from American airlines, to get rights 
through the island. 


The main runway of Palisadoes 
Airport projects 7,600 ft into the 
sea on an artificially constructed 
strip. The airport is connected to 
the mainland by a road, which 
runs along a narrow spit and leads 
to Kingston, the Island’s capital. 





Jamaica’s International Airports 


by Derek H. Wood, Interavia, London 


Jamaica began studying an airport develop- 
ment plan in the early 1950s. Kingston, the 
capital, had an ex-Fleet Air Arm base which was 
severely limited both in runway length and ter- 
minal capacity, while Montego Bay, the main 
resort area, required a longer runway and a new 
terminal. 

The budget for both was limited and, in fact, 
two ultra-modern airports have been provided 
for a total outlay of only £534 million (about 
$16 million). Both airports are intended to pay 
their own way, although the landing fees are very 
reasonable. At Palisadoes a Boeing 707-320 is 
charged £29 18s 9d (about $84.00) landing fee. 
Operators, whilst charged for use of en-route 
navigational aids, pay no fuel charge, head tax, 
terminal charge, passenger handling levy, or 
tarmac charge—a refreshing change from some 
airports in Europe! 

At the outset, there were no fundamental pro- 
blems of en-route navigation and landing aids. 
Jamaica has good weather, and it is calculated 
that there are only approximately nine hours in 
the year when visibility at Palisadoes is less than 
two miles. If Palisadoes should be closed, Mon- 
tego Bay, which usually has different weather, 
can be used as the diversion, and vice-versa. The 
driving time between airports is about 3-314 
hours. In the whole island, therefore, there are only 
two non-directional beacons and no ILS or GCA. 


Montego Bay 


Montego Bay, on the north coast, presented a 
less complex job than Palisadoes and took less 
time to build, being completed in 1959. The air- 
port adjoins the coast road on low lying ground, 
much of which is swamp. 

The original terminal area on the north side 
of the one main runway could not be extended, 
so that a new apron and terminal area were 








planned on the south side, leaving room for 
future expansion. 

Strict requirements as to economy of structure 
and contract period confronted the architects 
and consulting engineers, Norman and Dawbarn 
of London. 

Accordingly, the design of the terminal was 
based upon a prefabricated portal frame with 
open screen walls, allowing maximum natural 
ventilation in a tropical climate. The layout can 
be adapted to take a finger or fingers, should 
traffic require it. 

The operational section of the building is 
small and is designed as an independent rein- 
forced-concrete structure, one portion of which 
is air-conditioned. 

At the moment there are no fingers, the main 
entrances and exits being along the face of the 
main building. The present freight area forms 
part of the main terminal, but ultimately a 
separate freight area and freight apron is to be 
provided to the west. 

The terminal is based mainly on a single storey 
building, and its principal feature is the roof, 
which was designed like an aerofoil to withstand 
the effects of hurricanes. After the section had 
been fixed, it was decided to test a model in a 
wind tunnel. The results were startling—the roof 
developed so much lift it became airborne! Mod- 
ifications were therefore made to ensure it 
stayed on the building. 

Seven major airlines use Montego Bay, 
namely BOAC, Pan American, BWIA, TCA, 
Delta, Avianca, and Avensa. 


Palisadoes 


The provision of an up-to-date airport at 
Kingston presented a much greater task than at 
Montego Bay. The original Palisadoes Airport 
was built as a naval air station early in World 



















War II by filling in mangrove swamps on the 
Palisadoes, a sand spit 9 miles long protecting 
the seaward side of Kingston Harbour. 

The longest of the two runways was only 
5,303 ft, and it projected into the harbour on a 
filled strip. The length was clearly inadequate 
for modern aircraft, and bearing strength poor 
owing to a peat foundation. Extension was pre- 
vented by deep water. 

In 1950, a Ministry of Transport and Civil 
Aviation Mission from London suggested one of 
two alternatives: (a) a new runway intersecting 
the existing two at Palisadoes and projecting 
into shallow harbour water; or (b) a new airport 
on Cumberland Pen, a plain at the west end of 
Kingston harbour. 

In 1951 Sir Alexander Gibb and Partners, 
Consulting Engineers, were appointed to report 
on the proposals. They concluded that Palisadoes 
would,be the best site, as Cumberland Pen had infe- 
rior meteorological conditions and poor subsoil. 

The Government of Jamaica subsequently 
adopted the Palisadoes plan, retaining Sir Alex- 
ander Gibb as consultants for the runway and 
hardstandings, etc., and Norman and Dawbarn 
as architects for the new terminal and control 
building. The operation was directed by the 
Jamaican Chief Technical Director of Public 
Works and the Director of Civil Aviation (until 
recently Mr. K. Paton Jones of the Ministry of 
Civil Aviation London). 

Runway and terminal area construction pre- 
sented the largest technical problems of the whole 
operation. Three hundred and ten acres were 
reclaimed from the sea and’swamp, which en- 
tailed the dredging of ten million tons of gravel 
from the sea bed. The reclamation was carried 
out by McWilliam Dredging Co., New Orleans, 
under the supervision of Soil Mechanics Ltd., 
who also undertook continuous soil testing. 

The runway site is 1,250 ft wide and projects 
into the harbour for a distance of 7,600 ft. The 
terminal site is situated between the new runway 
and the original airport. This and the adjacent 
end of the runway involved the removal by dredg- 
ing of mangrove peat prior to hydraulic filling. 

In order to use the original BWIA hangar and 
also the original apron as an overflow parking 
area, the new airport is linked to the old. Except 
for these and a section of old runway used as a 
road, the whole airport is new. 

The runway itself is 7,600 ft long by 150 ft 
wide, with stabilised haunches 35 ft in width. 


The newly-built terminal at Palisadoes Airport houses the 
offices of eight different international airlines. 
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Above the modern terminal 
buildings at Palisadoes rises 
the six-storey control tower. 
In the foreground is parked a 
Boeing 707 in BOAC’s col- 
ours. 


The consoles for monitoring incoming and outgoing 
traffic at Kingston were designed by International Aeradio 
Ltd., London (IAL), to specifications of the Government 
of Jamaica. 


Jamaica's International Airports 
A measure of their activity in 1960 





Palisadoes Montego Total 





Bay 

Passengers landed 74,055 67,555 141,610 
Passengers in transit 59,765 105,611 165,376 
Passengers departed 91,537 72,369 163,906 
Total passengers handled 225,357 245,535 470,892 
Scheduled aircraft landings 4,074 4,901 8,975 
Non-scheduled aircraft 

landings 2,737 846 3,583 
Freight uplifted (tonnes) 542,966 58,498 601,464 


Freight landed (tonnes) 3,955,536 258,315 4,213,851 
Aviation gasoline sales(I.G.) 3,801,817 2,083,532 5,885,349 
Turbine fuel sales (1.G.) 2,217,819 1,525,796 3,743,615 
Lubricant sales (1.G.) 22,955 9,578 32,533 





Source: Civil Aviation Department 


Shot of the communications equipment room at the 
Palisadoes Control Centre. Forward can be seen the 
multi-channel recorders by IAL, which are serviced by 
International Aeradio (Caribbean) Ltd. 
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A BOAC Bristol Britannia on the apron at Montego Bay 
Airport, on the North coast of the Island. & 


The runway is fully adequate for the Boeing 707 
and Douglas DC-8 to take off at the maximum 
weights required by operators for their longest 
flight stages. 


Pavement design is for 300,000 Ib dual tandem 
wheel aircraft with tyre pressures of up to 200 
lb/sq. in. To start with, the subgrade, consisting 
of gravel and sand segregated into layers during 
hydraulic placing, was loosely compacted. The 
requisite degree of compaction was obtained by 
rolling with a 30 ton CR60 vibrating pneumatic- 
tyred roller and a 50 ton Onions pneumatic- 
tyred roller. Gravel and sand were placed and 
compacted to the underside of the base-course. 

In this filling the top layer is stabilised by the 
addition of one part of crushed limestone to 
three parts of gravel, this being mixed by a Pulv- 
mixer. The base-course is a lean dry concrete, 
consisting of site gravel-sand and six percent of 
cement. The bituminous surfacing is of the dense 
graded type, using 80/100 penetration bitumen 
and crushed limestone aggregate, laid in two 
layers each 11,4 in. thick. 

The concrete pavements, used for standings on 
the traffic apron and for the runway ends, are 
laid in two layers, the upper being of high 
quality concrete with a 4,000 Ib/sq. in. minimum 
28 days strength and the lower of 3,000 Ib/sq.in. 
minimum 28 days strength. The runway and 
taxiway haunches are of gravel and sand, stabi- 
lised with four percent of cement, mixed by 
Pulvmixer. 


As to the airfield lighting system, this is in 
accordance with ICAO requirements, consisting 


restaurant located in a four-storey block with 
the control tower atop. 

On the ground floor are the airline offices, 
located to the east of the tower and opening on 
to the apron. To the west of the tower are the 
transit lounge and the arrival waiting lounge on 
to which backs the Customs hall. From the 
arrival lounge extends the long passenger finger. 
Sufficient room has been left on the west side for 
extension and for providing a duplicate finger if 
required. On the second floor above the finger is 
the “waving gallery” or public viewing deck, with 


Typical cross section 
the Palisadoes runway (dia- 
grammatic). A — 3-in. bi- 
tuminous surface; B — 5-in. 
base course (dry lean rolled 


of > 





a ship was blown across the access road to Kings- 
ton itself. At the radio transmitter station on the 
shore, engineers spent weeks removing fish, salt 
water, and sand from the transmitters. 

At Kingston there are services by eight air- 
lines: BOAC, PAA, Avianca, BWIA, KLM, 
TCA, APA (Panama), and Ransa (Venezuela). 

Air traffic control at Palisadoes and Montego 
Bay and the Flight Information Region come 
under the Director of Civil Aviation. In addition, 
International Aeradio operates in three sections 
in Jamaica. 
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of a location beacon; low intensity approach 
lights at both ends of the runway (those at one 
end being on piles in the harbour); elevated low 
intensity threshold and runway edge lights; flush 
taxiway edge lights; and apron floodlights. 

Both the airfield lighting system and the air- 
port buildings are fed by a distribution system, 
with a standby generator for essential emergency 
loads. Lighting equipment was supplied by 
G.E.C. Lid. 

The construction of the runway and taxiways, 
and the reconstruction of the aprons of the 
original airport was by John Mowlem & Co. 
Ltd. 

On the edge of the airfield is a fuel farm with 
underground piping for three grades to each air- 
craft stand. 

The terminal building, which was officially 
opened in July, is essentially a two-storey struc- 
ture with the offices, air traffic control, and 





compacted fill; F — com- 
pacted sub-grade. Cross- 
fall is 1 in 80. 


* 


The passenger concourse 
at Montego Bay Airport. 


a snack bar. The whole effect is light and airy. 
The third floor of the tower contains the flight 
information centre, meteorological office, brief- 
ing and tape relay centre, etc. 

On the apron are 12 “islands” arranged in 
three rows of four, eight of which are round the 
passenger finger. Some of these are composite 
stands for either one jet or two piston-engined 
aircraft. Jets can start up on the two stands at 
the end of the finger, but on the other stands jets 
are towed out to avoid fume and blast effect. 
Four of the stands are situated in front of the 
long freight sheds which run at right angles to 
the terminal building at the east side. 

An important factor in the terminal construc- 
tion is the danger of hurricanes. The building has 
been made hurricane-proof, but evacuation would 
be necessary if a storm were imminent. During 
the last hurricane to hit Jamaica in 1951, one 
hangar collapsed, there was some flooding, and 


Under a contract between IAL London and 
the Jamaican Government, nine IAL Air Traffic 
Control Officers are supplied to the D.C.A. 
Jamaica, of which two are on duty at Montego 
Bay and the remainder in Kingston. 

Personnel of Internationa! Acradio (Carib- 
bean) Ltd. are responsible for the operation and 
maintenance of the aviation technical facilities 
at the airport, the remote receiver and trans- 
mitter stations, the radio aids to navigation and 
certain ancillary units. The operation include the 
torn tape relay centre and the hand-morse poipt- 
to-point circuit, HF RT circuits, NDB, etc. The 
maintenance includes all the airline subscribers’ 
teleprinters, and radio transmitting and receiving 
equipment. 

Head Office of the IA(C)L organisation is in 
Trinidad which controls the operation of IA(C)L 
stations in eleven of the West Indian territories. 
IA(C)L has been responsible for the installation 
and maintenance of the recently opened VHF 
multichannel aviation Aeronautical Telecom- 
munication network throughout the Eastern Is- 
lands. 

The third IAL organisation in Jamaica is 
Aertech Ltd. which is an Associated Company of 
IAL, being a wholly owned subsidiary; Aertech 
Ltd. is basically a commercial organisation and it 
runs a comprehensive technical servicing unit. 
The majority of system engineering and installa- 
tion work involved in equipping the new terminal 
at Palisadoes Airport was carried out by Aertech 
under contract from IA(C)L. Sane 
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Litton Systems, Inc., Woodland Hills, Calif., (Guidance and 
Control Systems Division), is offering a new precision altitude 
computer, which is particularly accurate and rugged. The com- 
puter can be installed in 21 sq. in. of panel space, and contains all 
electronic and mechanical equipment necessary for measuring 
external air pressure, converting this to the corresponding pres- 
sure altitude, and presenting the result digitally. At the same time, 
other automatic or semi-automatic aircraft equipment can be fed 
with the data obtained. At 30,000 ft, altitude determination is 
within 20 ft of actual altitude. Accuracy is unaffected by high 
accelerations, vibration, or extreme temperatures. 


¥ 
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The Bendix Radio Division, Baltimore, Md., was commissioned by the USAF Air Development Center and the Advanced Research Projects 
Agency to build the illustrated experimental model of a radar fixed antenna known as ESAR (Electronically Steerable Array Radar). The antenna has, 
instead of one conventional rotating array, almost 9,000 individual antenna elements, with electronic scanning. This system permits hundreds of 
targets to be tracked simultaneously. Bendix engineers consider that systems of this type could possibly be used for communications with space 
vehicles millions of miles away. 












Lockheed-California Company, Burbank, Calif., has developed a 
system for the exact tracking of Po/aris missiles during test firings. The 
entire system is installed in a single, easily transportable container, and 
can be set up operationally on board ship or on land. The system, 
known as DRIFT (Diversity Receiving Instrumentation For Telemetry), 
can also be installed in aircraft. DRIFT’s extreme sensitivity, coupled with 
the use of a high frequency (5,000 Mc/s), allows missiles to be tracked with 
a high degree of accuracy. 
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Radio Corporation of America, Los Angeles, recently completed 
a six-week European demonstration tour of its AVQ-20 airborne 
weather radar, suitable for both airliners and executive aircraft. The 
equipment works on 9,375 Mc/s (3.2 cm) and has a maximum range of 
up to 180 miles. Large-scale use of semiconductor elements has 
enabled dimensions and weight of the airborne equipment to be kept 
down—weight is some 45 lb. The antenna scans the forward 180° area 
twenty times per minute and can be tilted 15° up or down. Four dish 
sizes, namely 15, 18, 24 and 30 in, are available. The AVQ-20 can be 
employed both as weather radar (scanning by a very sharply focussed 
beam) as well as for terrain mapping (cosec? radiation diagram). For 
the latter purpose, a normal cathode ray tube (with hood) or a display 
storage tube is available. The latter permits observation of the screen 
even in daylight. 


Sperry Electronic Tube Division, Gainsville, Fla., (a Division 
of Sperry Rand Corp.), is developing a new amplifier tube to give 
ground defence radars considerable immunity to electronic jam- 
ming. The new Meanderline travelling wave tube is so named 





Texas Instruments Inc., Dallas, Texas, is producing a new 
type of solid circuit semiconductor networks which demonstrate 
considerable progress along the road to microminiaturisation of 
electronic equipment. The company is offering the Series 51 of 
six different digital circuit modules, suitable for 90 percent of all 
the circuit functions of digital equipments. Each of these mod- 
ules is equivalent to a circuit of more than two dozen conven- 
tional components. The hermetically sealed networks meas- 
uring 0.250 x 0.125 x 0.30in are derived from one standardised 
silicon wafer. The illustration gives a comparison between the 
new microminiature network and the printed circuit cards used 
until now: the five Solid Circuit semiconductor networks per- 
form the same functions as the much larger printed card. In 
order to demonstrate the 
possible saving in weight, 
space, and power result- 
ing from the use of the 
micromodule, Texas In- 
struments has built a tiny 
digital computer: _ it 
weighs only 10 oz, has 
a volume of 6.3 cu.in., 
and contains 587 digital 
circuits welded together 
in eights or sixteens to 
form a larger, insertable 
stack. A comparable 
computer weighs 480 oz, 
has avolume of 1,000 cu. 
in. and uses 8,500 con- 
ventional components. 
Its power requirement is 
about 10 times that of the 
miniature computer. 
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because of the two snake-like conductors which carry the signal 
to be amplified. There is a row of parallel rings between the con- 
ductors through which a high-power electronic beam travels to 
interact with the signal producing amplification. Detection systems 
employing the tube will be able to shift the working frequency of 
a radar over a much larger range of frequencies than has been 
possible with previous amplifiers. As a result of these frequency 
changes, enemy jamming of ground defence radars can be 
avoided. The experimental version of the Meanderline travelling 
wave tube currently available (illustrated here is the interior) per- 
mits continuous high power amplification in a wide bandwidth, 
e.g. at a frequency of 3,000 Mc/s, the tube will provide steady 
amplification from 2,550 Mc/s to 3,450 Mc/s. It is expected to 
develop the tube still further so that it can be used for even larger 
bandwidths—2,000 to 4,000 or 5,000 to 10,000 Mc/s range. 


Hughes Aircraft Corporation, Culver City, Calif., has developed the AN/ 
TSQ-38 Helilift transportable air defense system for coordinating the fire of 
widely dispersed Hawk or Nike missile batteries. The system includes an 
operations control and four or more coder-decoder units located at the mis- 
sile batteries. The air defence commander monitors the air situation from 
operations central and assigns the targets to the individual batteries through 
the coder-decoder units. At the same time, these transmit the necessary 
information on the operational readiness of the batteries. In performance, 
the AN/TSQ-38 system is similar to the truck-mounted AN/MSQ-18, but is 
built in standard shelters which can be transported by helicopter into the 
battle zone. Illustrated is the control console in the Helilift operations central 
unit. 
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and height coordinates. 


Cossor Radar & Electronics Ltd., Harlow, England, has 
developed the C.R.353 meteorological radar as a private 
venture, and first orders (for delivery to New Zealand, Fiji, 
Raratonga, and Funafuti) have been received. The system 
can be installed as a permanent building or as mobile trailer- 
mounted equipment. It is very reliable, easy to maintain, and 
staffing needs are low. In the windfinding role, the C.R.353 
is used to detect and track a passive reflector carried by a 
small free balloon. Bearing and elevation indications are at 
intervals of 0.05° and the range indicator displays the range 
correct to the nearest 25 metres. Maximum slant range is 
120 n.m. Observation of cloud and rain precipitation centres 
is by a plan position indicator with a 12 in screen. lso-echo 
circuits incorporated in the receiving unit enable determina- 
tion of cloud and rain precipitation densities to be made. 
Optional additions are an automatic print-out unit for the 
recording of positional information and a computer to convert 
the slant range and elevation coordinates into ground range 
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General Electric Company, Syracuse, N.Y., Defense Systems Depart- 
ment, is currently engaged in the development of an automatic landing system 
for unpowered spacecraft and re-usable stages of missiles. The system is 
expected to be capable of acquiring a vehicle on radar at a range of some 500 
miles and of calculating a safe flight path, such as to avoid overheating or me- 
chanical overstressing. The vehicles are then guided through the most favourable 
approach course on to the runway. The landing system, incorporating an AN/ 
TRQ-10 radar (illustrated) and a General Electric 225 digital computer, was 
developed after well over 100 simulated landings had been carried out using 
an analogue computer. The entire system can be easily moved by land or air. 
A GE spokesman indicated that the system would be tailored to the capability 
of each individual vehicle. The airborne package weighs about 28 lb, including 
a fully transistorized transponder, decoder, and antenna. 




























Bell Telephone Laboratories, New York, uses this 
antenna as the “ear” of an extremely sensitive receiver 
for experiments with the Echo 1 telecommunications 
satellite. A similar, but much larger, antenna is currently 
being built by the same firm at Rumford, Maine. It will be 
used on the Bell System’s active satellite programme, 
which is scheduled to be ready for use in Spring, 1962. 
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The Airborne Digital Computer DEXAN 


By C. J. Wayman, B.Sc., A.M.I.E.E., General Electric Co., Ltd. 


DEXAN stands for Digital Experimental Air- 
borne Navigator and is the result of a develop- 
ment programme to design and produce an air- 
borne digital computer. The computer, which is 
so far experimental, has just successfully com- 
pleted a series of flight trials in an aircraft at the 
Ministry of Aviation Aeroplane and Armament 
Experimental Establishment at Boscombe Down. 


A programme lasting approximately three 
years at The General Electric Company Limited, 
Applied Electronics Laboratories, Stanmore, 
Middlesex, England, has been conducted in con- 
junction with the Royal Aircraft Establishment 
of the Ministry of Aviation, Farnborough, and 
has been aimed at producing an experiment to 
evaluate the use of electronic digital techniques 
in an airborne environment. The first problem 
chosen has been a navigation one, and although 
the equipment has been used on a simple navi- 
gation exercise the computer can, in fact, work 
out more calculations than have been required 
of it during these trials. 


DEXAN, which is fully transistorized, uses a 
core matrix store as its central memory and is, in 
effect, two computers in one. The main part of 
the computation is carried out by a device known 
as a digital differential analyser, or D.D.A. This 
is an incremental computer and has a number of 
digital integrators, which can be inter-connected 
as required to perform the computations. Back- 
ing up this computer is a general purpose com- 
puter, or G.P., which is a whole number machine 
and makes calculations that the incremental part 
of the system by its nature cannot carry out. In- 
puts and outputs to the system are analogue 
quantities and, where these enter the system, con- 
version is made from analogue to digital repre- 
sentation. This is performed, where necessary, by 
shaft encoding devices. Outputs are by counter 
type displays visible to the operator and d.c. 
voltages from digital to analogue converters. 

DEXAN, as it stands, is effectively an airborne 
breadboard, and therefore very little attempt has 
been made to package the circuitry in the most 
compact fashion. Transistorized circuits on 
printed hoards using plug-in connectors have 
been used throughout, and the units are un- 
pressurized and mounted in anti-vibration 
trays. 

The first trials have been conducted in a 
Comet !A aircraft, which is particularly suitable 
for experimental work and has ample room in the 
cabin for operating and observing the functioning 
of the equipment during flight. 

Navigation inputs that have been used with 
this computer have been derived from a Doppler 
Radar, a Free Gyro, and an Air Data Unit. The 
inputs are processed in the computer to provide 
latitude/longitude information on counter dis- 
plays. The computer has also been used for driv- 
ing a pictorial Map Display at R.A.E., called the 
Topographical Display Unit. 

The accuracy of navigation provided by the 
equipment has been measured using recording 
cameras and digital recording devices in con- 
junction with a Decca Navigator set. The Decca 
signals were used to establish an accurate flight 
path along which the aircraft was flown. Fixing 
information was then inserted at intervals by the 
operator from known precalculated latitude/lon- 
gitude positions. 


Based on the success obtained in these first 
trials, future trials are being planned in which 
much more complicated navigation calculations 
will be performed by the computer. 

* 


In the digital differential analyser, all inputs 
are represented by pulses stored in the integrator 
as digital numbers. These numbers can be of any 
accuracy and in DEXAN up to 20 bits can be 
used. The integrator therefore has a maximum 
accuracy of approximately 1 in 1,000,000 and 
this is very much more accurate than can be 
achieved by ordinary analogue methods. 

The digital differential analyser in DEXAN 
consists of 128 integrators, each of which can 
accept input pulses at a rate up to 240 per 
second. The integrators can be cross-connected 
in any desired way to perform the mathematical 
operations required in the computer. DEXAN 
is a so-called serial DDA in which a central 
store is used to hold all the input pulses for all 
the integrators. In this way, the arithmetic unit 
is common to all the integrators. Economies of 
equipment are obtained by these means, and the 
operation of the machine is performed by the 
arithmetic unit successively removing the num- 
bers relevant to each particular integrator and 
performing the addition process in turn. 

In order to distinguish between positive or 
negative increment pulses DEXAN uses the so- 
called binary system, whereby pulses connecting 
two integrators can either be “1” or “0.” The 
‘1’ denotes a positive increment and a “0” a 
negative increment. For drift corrections and for 
the insertion of the necessary initial settings, 
DEXAN uses another unit of the system, the so- 
called Calculator, which is effectively a general 
purpose digital computer. It can perform all the 
usual calculations that are normally carried out 


Figure 1; Main components of the DEXAN airborne com- 
puter. A - general purpose computer; B - core memory; 
C - digital-differential analyzer; D - photo-electric perfo- 
rated strip reader; E - control unit. 


in a digital computer including addition, sub- 
traction, multiplication, division and other 
operations. 

The difference is that, where the DDA can 
perform calculations at an iteration rate of 240 
per second on all the 128 integrators in the com- 
puter, the calculator can do only one job at a 
time. The job it performs, however, can be very 
much more complex than the simple incremental 
operations that are performed in the digital dif- 
ferential analyser. In a system, therefore, combin- 
ing a digital differential analyser with a general 
purpose computer, the calculations are all kept - 
up to date and operated on sequentially in the 
DDA, and here the real time operation of deal- 
ing with fast changing inputs and outputs is dealt 
with. 

The calculator consists in the main of three 
registers, each containing twenty binary flip-flops. 
These registers are called the main buffer, the 
accumulator and the C register respectively. The 
main buffer is arranged to be able to read 20 bit 
numbers directly from store. The accumulator 
holds a number at present being computed, and 
the C register is used in certain operations such 
as multiplication. Other parts of the calculator 
include an adder/subtractor which sequentially 
performs the arithmetic operations as required. 
It also has a control system which, on receipt of 
the function digits from the order word, can 
sequence the calculator through the required 
operations. In addition, flip-flop stores hold the 
addresses of the next instruction and the current 
operand. 


The calculator in DEXAN operates under 
control of a stored program. This program is 
stored in the main core memory of the computer. 
Storage words representing instructions are read 
sequentially from the store via the main buffer 








INTERAVIA 12/1961 1705 





Electronics 


into the function register and store address 
registers in the calculator. The control system 
then starts off a sequence of operations which 
depends on the function required. 

The adding process in DEXAN takes a time 
of 35 us, and to this must be added the time 
needed to extract the instruction and operand 
from the store. In order to perform the operations 
required, the calculator must have access to a 
store of instructions that it can read out and obey 
in the correct order. This sequence of orders is 
called the program and in DEXAN it is stored in 
a ferrite core store. 

The core store consists of 40,960 small ferrite 
toroids wired into a matrix-like structure. Cir- 
cuitry connected to this store can cause infor- 
mation or program to be read out as required. 
In addition, facilities exist for writing back in- 
formation to the store. Such information would 
consists of numbers that are the results or partial 
results of previous calculations. 

The DDA inputs are also held in this store. 
When the DDA is in operation, these inputs are 
read in pairs sequentially through the DDA 
arithmetic unit and written back after modifica- 
tion. In addition, storage of DDA program is 





Figure 2 


accomplished by the core store unit. This pro- 
gram determines how the various integrators 
are to be cross connected. 

DEXAN is the first British airborne digital 
computer employing a stored program. Air- 
borne digital computers have been produced in 
North America, but these have nearly all used 
magnetic drum or magnetic disc type memories. 
Because of bearing wear characteristics and other 
difficulties, these types of store have serious dis- 
advantages compared with core stores of the 
type used in DEXAN. 

Data for the store is inserted by a punched 
paper tape reader. This device, which is shown in 
the bottom left hand corner of Fig. /, carries 
spools of 5-hole teleprinter tape. The tape is read 
photo-electrically and servos governed by 
photo-cells control the spooling and unspooling 
from one reel to the other. 

Program tapes which can also contain flight 
data such as fix points etc., are prepared in a 
number of stages as follows: 

1. Preparation of equations and block dia- 
grams. 

2. Writing of program and sub-routines. 

3. Production of lengths of punched tape using 
a teleprinter. 

4. Trying out tapes in the computer. 

5. Editing of tapes into complete programs. 

The DEXAN computer consists of three main 
units—A) the calculator (upper left), B) the core 
store (centre), and C) the digital differential ana- 
lyser (upper right). These three units from the 
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main part of the computer. The control unit E 
on the lower right hand part of the photograph 
also serves as a junction box between the main 
units, and is used for those operations that re- 
quire presentation of digital information whilst 
checking or working on programs. The unit in 
the lower part of the picture (D) is the photo- 
electric paper tape reader developed for DEXAN. 
Spools of punched tape are held in airworthy 
fashion in this unit and the computer can read, 
on demand, program or flight data at a speed of 
200 characters per second. 

Fig. 2 shows the input-output units to the 
system that were made for the first airborne ex- 
periment with DEXAN. The unit on the left (A) 
processes the input and output signals from the 
analogue devices into the computer. The unit in 
the centre (B) houses a number of electro-mecha- 
nical displays which are presented to the opera- 
tor. It also contains the push buttons and power 
supply switches that are needed to operate the 
computer system. The unit at the right (C) is a 
standard tape paper punch. This was flown with 
the equipment in order to record digital data 
during flight. 

During normal functioning of the equipment 


Input/output equipment for DEXAN, as used in the first 
series of tests. A - data processor; B - control unit with 
indicator instruments; C — normal tape perforator. 


the computer can be controlled entirely from the 
large panel shown in Fig. 2. The presentation to 
the operator is either in terms of pointer dis- 
plays, numerical motor driven indicators, or 
lamps indicating certain operations of the com- 
puter. As a basis for the calculation of navi- 
gation data, DEXAN uses the information from 
the airborne Doppler equipment, air sneed from 
the air data computer, and fix information from 
a Sperry Cll compass. During the first trials, 
which have meanwhile been concluded, the com- 
putations performed by the computer included 
the subtraction of drift angle from heading, the 
resolution of doppler distance through this result- 
ing track angle, the resolution of air speed 
through heading angle, the comparison between 
resolved airspeed and resolved ground speed, 
and the computation of winds. There is also the 
conversion to latitude and longitude and this 
requires computation of the local radius of the 
earth. 

It will be appreciated that the computations 
chosen were of a fairly simple nature. This was 
simply in order to gain experience with the com- 
puter as an airborne instrument performing 
some sort of navigational computation. 

From DEXAN, considerable experience is 
being obtained in the use of a digital computer 
for airborne navigation computations. The appli- 
cations of such computers in the future will be 
very diverse. Examples of the kind of compu- 
tations that can be performed by an airborne 
digital computer are as follows :— 






1. Conversion of Signals from a Hyperbolic 

Navigation Aid 

One of the most successful area coverage navi- 
gation aids that is in use for aircraft is the Decca 
Navigator. This device gives the vehicle’s position 
in terms of co-ordinates in a hyperbolic lattice. 
The successful use of this system in future air- 
craft will require the process of converting 
position from the hyperbolic co-ordinates to the 
more generally useful system of latitude and lon- 
gitude to be automated. This requirement is com- 
plicated by the need to carry out mode changing 
operations when changing from one chain to 
another, and other conversions will be needed to 
deal with special presentations. The accuracy and 
flexibility provided by a digital computer enable 
it to fulfil the role in this application. 


2. Fuel Computations 

As aircraft become faster the management of 
fuel becomes more critical, and the civil appli- 
cation of digital computers will involve the use 
of a digital computer for maintaining an efficient 
use of the aircraft’s fuel. The future use of faster 
aircraft for airline transport services will mean 
that less time is available for performing altera- 
tions and corrections to flight planned informa- 
tion during flight. Last minute alterations of land- 
ing points etc. can be facilitated by the use of an 
airborne digital computer. 

3. Astro Navigation 

High accuracy numerical calculations can be 
made on a digital computer; because of this, digi- 
tal computers are ideal devices for use in con- 
junction with automated astro-navigation sche- 
mes. 

High flying aircraft using automatic star tracing 
sextants could be provided with navigation in- 
formation of a high order of accuracy over parts 
of the earth’s surface where radio navigation aids 
are not available. 

4. Satellite Navigation Schemes 

Present American experiments utilising the 
Transit navigation satellites and other devices 
require the user, amongst other things, to have 
computers on board his vehicle in order to cal- 
culate the data referring to his position as com- 
puted from the signals received from the satel- 
lite. 

These systems are not at the moment believed 
to be suitable for aircraft use owing to the high 
speeds at which aircraft can travel, but digital 
computers of a compact and small enough form 
are needed with any vehicle which is intended to 
make use of this kind of navigation aid. 


5. Data Links 

Air traffic control systems of the future will 
make use of air-to-ground transmission of digital 
data in order to give ground controllers up-to- 
date information about aircraft positions, heights, 
speeds, and other data. 

This data can very conveniently be collected 
and assembled by an airborne digital computer 
for encoding and transmission down the air-to- 
ground data link. This is an example of an ad- 
ditional task that a digital computer can under- 
take by virtue of its flexibility. 

* 


In the military sphere there are many other 
applications for airborne digital computers, and 
these include dealing with the inputs and outputs 
from other navigational aids, control of an in- 
ertial platform, the performance of bombing, 
and other computations. Scheduling of flight plans 
and ultimately the automatic direction of air- 
craft, along predetermined tracks is also possible 
in principle. 

DEXAN, as it stands, is too large for the above 
applications; it is however paving the way to the 
future when small, redundantly organized com- 
puters, using microminiaturised components, 
will play a leading part in the operation and flying 
of aircraft. ane 
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Skirmishes in Sydney 


IATA’s 


From Interavia’s Special Correspondent 


e 


= = 

4 Just as beauty queens 

ho are chosen oncea Ai 

year, Air 

Transport annually selects 

another city in which to 

hold the IATA General Meeting. Since the choice 

for 1961 had fallen on Sydney, the President and 

Directors of Airlines from all over the world 

found themselves spending October 23rd to 27th 

in Australia for the Association’s 17th Annual 
General Meeting. 

Conference venue apart, there is nothing which 
resembles one IATA AGM as much as another 
IATA AGM. The Director General and his aides 
prepare the programme down to the last detail. 
The retiring Chairman introduces the new Chair- 
man, committee reports are read and rappor- 
teurs congratulated, the Executive Committee’s 
“recommendations” elected to the Executive 
Committee . . . and all the rest of the routine. 
In other words, all proceeds in the most amiable 
fashion, and not the faintest cloud darkens the 
atmosphere of bonhomie. 

But this year things were somewhat different, 
and there was a certain lack of harmony in 
evidence. From the very inaugural session the 
wheels, so carefully oiled by Sir William Hildred, 
started to creak. The 1960/61 President, Ake 
Rusck, had, like his predecessor Mr. Yanagita 
of Japan, turned his back on commercial avia- 












17th Annual Meeting 


tion. Fortunately, Mr. J. R. D. Tata was there 
to replace him and to present Sir Hudson Fysh, 
IATA’s 1962 President. Mr. Tata, in the course 
of a witty speech, congratulated the former 
Chairman of Japan Airlines on having found 
in banking a more “paying” industry than air 
transport. 

So far, no serious contretemps, but the second 
hitch was soon to come. In his excellent speech of 
welcome, the Australian Premier Mr. R. G. 
Menzies, having in mind all states which, like 
Australia, have to stand for the losses of their 
airlines in one fashion or another, exhorted those 
concerned to avoid premature purchases of super- 
sonic aircraft. The Premier had, presumably, 
reckoned on the meeting’s unanimous approval, 
there being little doubt that most of the airlines 
are obsessed with fear of supersonic transport or, 
rather, of its appearing too early on the scene, 
that is before the carriers have had a chance to 
amortize the enormous expenditure on jet 
aircraft. 

The next speaker, however, was Qantas’ 
Chairman Sir Hudson Fysh, and he saw the 
matter in an entirely different light. To him, the 
vast distances between the cities of Australia 
and other world centres seemed the decisive 
factor. If an economy of a further four hours 
could be made in transatlantic times it would 


Members of the IATA Executive Committee and Board of Directors. Left to right: S. Krzyczkowski (Technical 
Director); A. L. Young (Secretary); L. Lesieux (Air France); K. Ishikawa (JAL); E. H. van der Beugel (KLM); 
G. Obregon (Avianca); J. C. Cooper (Legal Adviser); Sir William P. Hildred (Director General); G. Périer (Sabena); 
J. R. D. Tata (Air India); Sir Hudson Fysh (Qantas); J. G. Grove (SAA); H. J. Gorecki (Treasurer and Financial 
Director); W. Berchtold (Swissair); J. C. Leslie (PAA); C. E. Beard (Braniff); H. D. Reynolds (Traffic Director). 
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Mr. R. G. Menzies, Australian Premier, opening IATA’s 17th Annual General Meeting 
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already be worthwhile, particularly if the price 
were unchanged, and an even more decisive 
advance for the remote Australian continent would 
lie in reducing the flight time to Europe by 
18 hours. Accordingly, Sir Hudson did not feel 
able to share the doubts on the subject of the 
supersonic aircraft voiced by his colleagues. 

This thrust, again, was not to the taste of 
Sir William Hildred, who seems to wage a per- 
sonal vendetta against the supersonic future. He 
repeatedly expressed the hope that he would 
never see one of those “stinking things.” At 
the IATA Montreal Conference devoted to the 
supersonic aircraft, so many ticklish problems had 
arisen as to make it unlikely that they would 
ever all be solved. Not, at any rate, in the fore- 
seeable future. In any case, ran Sir William’s 
view, even if it did come into existence one day, 
it would not account for more than three percent 
of traffic. One could not help recalling the pro- 
phecy made by M. Thiers, after the first train 
journey from Paris to St. Germain, that there was 
no future for the railways. 


The Smaller Airlines Want a Place in the Sun 


So much for the general atmosphere of the 
17th AGM, and on to some details of the 
conference. The first point to mention is that an 
eleventh company suddenly presented itself as a 
candidate for the IATA Executive Committee, 
although there were in fact only ten vacant seats 
coupled with ten “firmly recommended” nomi- 
nees. This unorthodox candidature was a test 
case, as the smaller companies have always 
wanted representation on the Executive Commit- 
tee, a body which has, since the birth of IATA, 
always been composed exclusively of represen- 
tatives of the large airlines. But the candidature 
of Mr. Richard Jackson (Seaboard World 
Airlines) did not encounter the support expected. 
He collected only 15 votes whereas all those 
elected received over 50, with the sole exception 
of Mr. Grove (South African Airways) who had 
to weather the resentment of certain African 
members. The Executive Committee members 
for the ensuing year are as follows: Ruben 
M. Berta (Varig), Lord Douglas of Kirtleside 
(BEA), Sir Hudson Fysh (Qantas Empire 
Airways), J. G. Grove (SAA), Sir Matthew 
Slattery (BOAC), J. R. D. Tata (Air India), 
E. O. Cocke (TWA), Kambo Ishikawa (Japan 
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Airlines), Louis Lesieux (Air France), Curt 
Nicolin (SAS). 

Be the outcome of this year’s ballot as it may, 
IATA will still have sooner or later to solve the 
problem of the smaller airlines. It is of course 
another matter whether they should have as 
much voting power as their “seniors,” which 
would make IATA into a sort of General 
Assembly of UNO, a forum in which countries 
with only a few million inhabitants, and even 
some where slavery is still practised, would have 
a vote equal to that of the USA or USSR. 

IATA is not, after all, a democratic institution 
but a type of trade association, in which it appears 
quite normal that those who do most work and 
pay most should have the main say. But it would 
seem not illogical to set up a kind of property 
qualification system under which a certain num- 
ber of millions of passenger-miles would rate 
a representative on the committee, and there 
would be nothing to prevent the smaller com- 
panies from forming groups and aggregating 
their passenger-miles in order to qualify for a 
certain number of seats. 


A Harsh Note 


As we said at the beginning, one has grown 
accustomed to an atmosphere of utmost cordi- 
ality at IATA conferences. Compliments are the 
order of the day, sharp words a rarity. All the 
more remarkable, then, was the harsh tone which 
Mr. V. L. H. Dubourcq (KLM) adopted in 
addressing his colleagues. 

The Chairman of the Traffic Committee 
deplored the fact that the Cannes Conference 
had obliged him to be outspoken to the point of 
rudeness, to keep a close hand on the debate, 
and, if necessary, to be so bad-tempered as to 
risk losing friends and influence. 

Dubourcq said he had hoped that the large 
airlines would set their colleagues a good example 
of sincerity in negotiations, whereas unfortun- 
ately it is in fact the large carriers themselves 
who are sometimes responsible for merciless 
blackmail on questions of secondary importance. 


Again, in the course of his speech, Dubourcq 
pointed out that the policy of advancing to the 
very precipice has become a real art. This policy 
is based on the assumption that the opponents 
cannot allow themselves to be faced with an 
“open tariff’ situation and that they are bound 
to yield, provided the threat is sustained and 
obstinate enough. This little game deceives no 
one but is simply time-wasting, the more so as it 
forces everyone to adopt the same tactics, going 
a little further each time, until one day someone 
will fall victim to his own strategem and that 
will be the end. 


The Facilitation Committee Fills up Forms 


It was significant that even the Facilitation 
Committee, which usually congratulates itself on 
the results achieved—despite the fact that there 
is so much to be desired in the matter of customs 
and immigration formalities—showed some ill 
humour. 

This was hardly surprising since, like all the 
rest of us, the Committee members had had to 
obtain visas to enter Australia. This involved 
completing a four-page form, handing over two 
photographs, producing a return ticket, and 
submitting a bank guarantee of ability to pay 
hotel and restaurant bills. On arrival, there was 
quite a complicated landing card to be completed 
and the even greater nuisance of a surprising 
customs declaration containing over 20 questions. 
These included an enquiry as to whether the 
traveller was carrying insects at any stage of 
development, any microbes, or any viruses. 
Mr. Tata nicely remarked that he was tempted 
to reply to the last question in the affirmative, as 
like everyone else he certainly had microbes and 
viruses on him. But had he said “yes” he would 
then have been called on to answer further 
questions as to quantity and description, where 
acquired and price. It may be judged from these 
remarks that the days of this customs declaration 
are numbered, and that the Facilitation Commit- 
tee will thus be able to put at least this success 
to its score. 





Looking Back at Sir William Hildred’s 
Annual Report 


Since the 1960 report made by the IATA 
Director General has already been discussed (in 
Interavia 11/1961, page 1485), we shall here make 
only a few additions. 

For the share of the IATA companies in the 
entire traffic increase for 1960, Sir William quotes 
the following figures: of the 106 million passen- 
gers carried by scheduled air transport, 82.4 mil- 
lion were taken care of by IATA carriers, who 
also performed 93,770,000,000 of the total 109, 
000,000,000 passenger-kilometres flown. IATA 
members had a share of 1,740,000,000 tonne/ 
kilometres in the total 2,180,000,000 carried, and 
584,000,000 in the 610,000,000 tonne/kilometres 
of mail. Their passenger load factor for 1960 
averaged 60.3 percent. 

In the 1960 Atlantic traffic, which is known as 
being to a larze extent an IATA preserve, the 
passenger increase on the North Atlantic 
1,919,750 passengers (18 airlines)}—should be 
compared with the far more modest increase on 
the South Atlantic—70,000 passengers (8 air- 
lines). 

In European traffic for 1960, twelve IATA 
airlines showed the following increases as against 
1959: passengers, 19.2 percent; freight, 17.9 per- 
cent; mail, 7 percent. Although the seating 
capacity of these twelve airlines increased by 
19.6 percent, they still almost managed to 
achieve the load factor of 58 percent recorded 
for European traffic in 1959. 

Sir William’s comments on the disappointing 
financial results of IATA members were quoted 
in detail in the November publication of Jnteravia. 
Some of his remarks on the supersonic transport 
might well be given in addition. ° 

“I do not pretend to express any view here 
on behalf of IATA members. There is as yet no 
consolidated opinion among the airlines and most 
have not yet formed one. Yet, as one who must 
be concerned with the well-being, continuity 
and usefulness of air transport, I should like 
to say a word of warning. 





Sydney, venue of the IATA 
Conference. 
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Trip round Sydney Harbour. 


Any type of SST will be expensive beyond all 
previous experience in aviation. It will be utterly 
beyond the capability of either airlines or manu- 
facturers to finance its development. It will 
demand a root and branch change in every single 
item of the transport and communications and 
control system. 

The effect of sonic boom and noise restrictions 
on SST operations is still unpredictable, but one 
thing is certain. If the jet has produced over- 
capacity, the SST could flood the world with it... 

Speaking as an individual, but as seriously as 
I can, I would therefore say to any Governments 
which decide an SST is necessary, that they 
should face the full consequences of that decision 
early in the game. If they want prestige they 
must be prepared to pay for it. There will not be 
enough airlines and enough passengers to foot 
the bill.” 


Committee Reports 


Space does not allow a discussion of individual 
Committee reports in full detail; here are the 
most essential points: 


Executive Committee 


Admission of six new companies into IATA: 
Cunard Eagle Airways (Bermuda) Ltd.; 
Venezolana Internacional de Aviacion; Air 
Mali; Air Guinée; Trans Atlantica Argentina; 
Tunis Air. Linea Aeropostal Venezolana and 
Hawaiian Airlines withdrew from the Asso- 
ciation. Total: 84 full members, 8 associated 
companies. 

Appointment of H. Don Reynolds (American 
Airlines) as Traffic Director of IATA. 


— Increase in number of disciplinary inspectors 
from 24 to 26 (suppression of tariff infrac- 
tions). 

— Recommendation of the introduction of 
special railway connections for feeder ser- 
vices from town centre to airport. 


Legal Committee 


- Preparation of a draft agreement for charter 
transport of radioactive material; division of 
responsibility between operator concerned 
and air traffic control in case of air crashes. 


Finance Committee 


— Budget 1962: expenses $1,632,000; revenue 
$1,242,900; and balance carried forward from 
previous year $389,100. Members’ contribu- 
tion (full members) $1,000 main contribution 
plus scaled contributions according to the 
number of tonne/kilometres carried in 1961: 


Up to 5,000,000 t/km ..... $9.737 per 1009 t/km 
over 5,000,000 t/km ...... $0.641 per 1000 t/km 
over 15,000,000 t/km . $2.494 per 1000 t/km 
over 25,000,000 t/km . $2.296 per 1000 t/km 


Maximum scaled contribution $166,100. 


Transactions dealt with by the IATA Clearing 
House in 1960 amounted to $1,532,000,000, an 
increase of 51 percent as compared with the 
preceding year, the charge to members being 
reduced to 6.33 cents per $1,000 in 1960 as against 
12.5 cents per $1,000 in 1959. 


Technical Committee 


— A proposal for more extensive use of the 
metric system for horizontal distances, 
visibility, aircraft, weights, etc. 


— A three-stage programme for the introduction 
of all-weather landing, including fully-auto- 
matic blind landing. 


— The Committee also announced certain con- 
clusions of the Montreal Symposium on 
supersonic air transport, namely : 


In so far as safety, comfort, and operating 
costs are concerned, the supersonic aircraft will 
have to fulfil at least the same demands as the 
subsonic aircraft in service at the time when it is 
introduced. 

The supersonic aircraft must be capable of 
operating from the present large international 
airports, bearing in mind of course any improve- 
ments that might be introduced up to the date 
it starts service. The supersonic aircraft must fit 
into the subsonic traffic routes without clashing. 
Accordingly, much will depend on its flying 
performance at subsonic speeds. 

The supersonic aircraft will not surpass the 
subsonic aircraft in passenger capacity and (with 
regard to the demands made by its design) will 
have considerably smaller freight capacity. 

For its certification, stricter requirements will 
be set than ever before. 


The phenomenon of “supersonic boom’ will 
be of extreme importance for the operating 
methods. This problem could even be the deciding 
factor as to whether or not the supersonic aircraft 
can come into service. 


Chairmen of Committees—Finance: R. Mon- 
tarnal (Air France); Legal: A. M. Conradie 
(SAA); Medicine: Dr. Slotboom (KLM); Tech- 
nical: Captain A. von Tscharner (Swissair). 


And 1962—Dublin 


In the final session, Sir Hudson Fysh—who, 
as a pilot forty years ago, founded Qantas— 
summarized the aims set by the airlines in Sydney 
as follows: 


Completion of the re-equipment programme 
with turbine aircraft. 


— Provision of all necessary aids for operation 
during bad weather. 


— Improvement of airports and their feeder 
services to the town centre. 


— Increase of freight traffic, which could grow by 
300 percent in the next few years. 


Mrs. J. R. D. Tata, wife of the Chairman of the Board of 
Air India. In her arms is an Australian Koala bear. 


— Lowering of transport costs ... to a level 


compatible with remaining solvent. 


Lowering of landing fees and air safety con- 
tributions to a tolerable level. 


~~ Abolition of all superfluous formalities, so 
that the air travellers can manage with ticket, 
cheque-book, and identity card. 


Before the meeting ended, the place appointed 
for the 18th General Meeting was Dublin, where 
J. F. Dempsey, Chairman of Aer-Lingus (elected 
Chairman of IATA 1962), had invited the 
member companies. In 1963, IATA is to visit 
Rome—not Vienna, as originally planned—and, 
the following year, Istanbul... 

Thanks to the preparations made by Qantas 
Chairman Sir Hudson Fysh and his staff, the 
17th General Meeting went off perfectly; and 
thanks to the hospitality of the Australians, all 
those taking part felt quite at home. On their day 
off, an enjoyable excursion was made to the 
Lane Cove National Park where, in a barbecue 
atmosphere coloured by kangaroos and koalas, 
all thoughts of conference and air traffic prob- 
lems were forgotten for a few hours. oe 
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The article by Interavia’s special envoy to 
Sydney could do no more than set out in broad 
outline what transpired at the Annual General 
Meeting of IATA. Inevitably, his report would 
not do justice to the views expressed by individual 
delegates in the course of the discussions, views 
which were in some cases very illuminating. We 
have received a letter giving the text of a 
speech delivered by Mr. Willem Deswarte, 
Director General of Sabena, to the AGM. His 
observations on the subject of supersonic trans- 
port form a valuable complement to our envoy’s 
report, and extracts are reproduced below. 


The Editor. 


Many of us have, this year, carried back and forth 
over the Atlantic, at high speed and tremendous cost, 
thousands of empty seats. From the standpoint of 
world economy this wasteful, sorry state of affairs is 
no better than the burning of wheat or coffee in the 
face of billions of starving people. 


It was easy to foresee that 1961, when all major 
carriers would be fully equipped with big jets, would 
be a disastrous year for the whole of our industry— 
even without the political crisis or menaces of Cuba, 
Berlin, Bizerta and others. I myself raised the question 
at our 1958 AGM in Delhi. 


We did nothing about it, and many of us are now 
facing losses, aggravated by the unsolved problem of 
the unsold and unamortized Super Constellations and 
DC-7Cs and many other excellent and relatively new 
turboprop or piston aircraft. 

And, once again, with the advent of supersonic 
aircraft in sight, perhaps as early as 1967, we are able 
to foresee a similar disaster, of even greater magnitude. 


Aurel Viaicu, un precursor al aviatiei rominesti.— 
By Constantin C. Gheorghiu.—Editura Technica, 
Bucarest, 1960 (Roumanian; 270 pages with 
illustrations; paper-back; price 12.50 leis). 


This is a biography of the pioneer of aviation in 
Roumania, Engineer-pilot Aurel Vlaicu, written by 
another engineer and pilot, who has carried out his 
task with real enthusiasm for the cause of Roumanian 
aviation. Vlaicu, born in Transylvania in 1882, of 
peasant stock, studied at Munich Polytechnic, and 
was then the first engineer-pilot to build an aircraft 
in Roumania, in the year 1910. 


The importance of Vlaicu’s machines does not lie 
only in their having been the first to be built in Rou- 
mania, but also—and most important from the avia- 
tion point of view—because they incorporate various 
original designs. These designs constitute a valuable 
contribution towards technical progress in aviation 
as a result of which, in the opinion of the author, they 
deserve to be known by all those interested in the 
subject of aviation. Ye. 


Avant les Cocardes.—By Albert Etévé.—Charles 
Lavauzelle et Cie, Paris, Limoges, Nancy, 1961 
(French; 205 pages with numerous illustrations; 
paper-back). 


The practice of painting national colours under the 
wings of French military aircraft, in order to facilitate 
identification, began in 1914. This volume is a history 
of military aviation prior to that date, and especially 
of the years 1908-1910. The author is a former French 
Inspector General of Aviation, holder of dirigible 
balloon pilot’s licence no. 10 and of aeroplane 
pilot’s licence no. 89. The first reaction to this book 
may well be “just another lot of souvenirs of a 
bygone pioneer age,” but this impression is dispelled 
by further perusal. Not that the author’s object is to 
amuse; indeed, he has the dry and terse style of the 
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Letter to the Editor 


It is indeed possible that manufacturers will once 
more ask us to place our orders five years in advance 
of deliveries. That could mean during the next year 
or two. Once orders are placed by one company, we 
know from experience that all must and will follow, 
and that no belated attempt to adjust tariffs can save 
us from the consequences of our folly. 


This problem can only be solved by a clearsighted 
standpoint at the highest level—expressed by the pre- 
sent AGM. We should first admit that crossing the 
Atlantic in two hours instead of eight is not a vital 
requirement but a pure luxury, and that speed alone is 
not the yardstick of human progress. 


Therefore we should introduce supersonic equip- 
ment as soon as we are Satisfied not only with their 
technical aspects which are, of course, the operator’s 
prime concern—but also when we have full assurance 
that the social implications arising from supersonic 
operations will not inflict new and adverse problems 
upon humanity. Otherwise, we shall be spending 
millions of public money but not for a reasonable 
profit to the public. I refer to the sonic boom and its 
possible adverse social implications—the widespread 
disturbing effect on the physical and mental well-being 
of millions of people the world over. Faster transpor- 
tation may be offset by the ill-effects of the sonic boom 
on man and society. Discussions of the effects of sonic 
boom on people are not based on accumulated large- 
scale observations and measured data. I would like 
to commend to you a suggestion which, I believe, was 
first conceived by Mr. B. Lundberg, Director of the 
Aeronautical Research Institute of Sweden, that a 
world-wide, practical investigation be made of this 
crucial problem. 

From this broader aspect of the problem I now 
come to one which concerns the health of our own 
industry. 


Book Reviews 


official reports which, to a large extent, form the 
basis of his book. Nevertheless, there are flashes of 
humour and the picturesque, starting with the adven- 
tures in captive or dirigible balloons of the officers 
in the engineer-balloonist battalion to which Monsieur 
Etévé belonged, since it was not until the large- 
scale manceuvres in Picardy that aeroplanes were used 
for the first time. “These aeroplanes had no altimeters 
and seldom went above 1,000 ft; the troops who saw 
them for the first time made no attempt at conceal- 
ment, thus making observation a simple matter. 
Their uniforms, moreover, stood out.” We also learn 
that during Flying Week at Champagne, in June 1910, 
there had been a special event for “manned kites.” 
This was the period when people were learning to 
fly solo with catapult take-off at the Wright School 
in Pau, when the first rule was to look back to see 
whether the rudder had been left behind. Other 
aircraft made use of a decompressor to stop the 
engine; this was activated by the pilot leaning forward 
to push a cord which passed across the front of his 
chest; but sometimes the cord got stuck under the 
collar of his jacket at the wrong moment. By way of 
reward, there was nothing to offer pilots but decora- 
tions of the Ministry of Education or Agriculture. 
And so, we are told, one French colonel was awarded 
the Order of Agricultural Merit. 


Besides these anecdotes, there is plenty of interest- 
ing technical detail, for instance on the Etévé speedo- 
meter, the first aircraft instrument (1910), which was 
again used in 1959 by an amateur constructor. The 
author had also invented an automatic incidence vane 
stabilizer which served to keep the angle of attack 
constant. Furthermore, we find the characteristics 
of the French 50 h.p. Gnome rotary engine. Built 
around the narrative are dates which are significant 
in aviation history. 1877: creation of the Chalais- 
Meudon laboratory, which built the dirigible balloon 
“La France” in 1884; 1892: first contract for a pow- 
ered aeroplane awarded to Ader by the French War 


If, as implied by manufacturers, the cost per pas- 
senger-km does not exceed that of a classic aircraft, 
and capacity does not exceed 100 seats, a solution 
might be found thanks to the prospects of a continued 
expansion of air transport and traffic. The “super- 
sonic” would have to be able to absorb the increase 
of first-class traffic, at a fare which would rightly 
take into account the greater value of the service 
offered. 


Let us suppose that for the “supersonic” the com- 
panies would agree to charge a fare of, for instance, 
fifty per cent more than that of first-class, with an 
annual decrease of ten per cent. In this way, the 
“supersonic” would at first be complementary to the 
jets. They could then be acquired progressively by 
airlines without compromising the normal deprecia- 
tion of the present jets in seven or ten years time. The 
financing of the new aircraft, which will weigh very 
heavily, could be extended over a sufficient number of 
years. After five years, as the number of “supersonic” 
in operation increases, as well as the total number of 
passengers, all first-class traffic could be transferred 
without increase of fare to the faster of the two 
equipment types and the jets of today would then take 
care of the economy traffic. Only then would we have a 
simple and logical fare structure. No more aircraft 
with an expensive two-class configuration. The fare 
would represent exactly what is sold: speed; and not 
such futile factors as seat spacing or food quality, 
which today bewitch our industry and are of no 
interest to passengers whose flight lasts less than 
eight hours. 


We do not overlook the difficulties inherent in our 
proposal. Nevertheless, the importance of this matter 
is such that we are reluctant to believe that there is no 
solution to a mere obstacle of procedure. 


Ministry; 1897: the well-known first flight of the 
Ader “aircraft”; 1912: decree setting up military 
aviation as an arm of the service within the Army, 
until when it had been an appendix of the engineers 
or the artillery. Monsieur Etévé’s work is certainly 
well supplied with material and flows along easily. 


The Narrow Margin.—By Derek Wood and Derek 
Dempster. Hutchinson, London, 1961. (English; 
536 pages, illustrated ; price 35/-). 


On the title page of this book appears the following 
subtitle—“The Battle of Britain and the Rise of Air 
Power 1930-1940.” The sequence of the phrase does 
little justice to the author’s intentions of presenting 
the history of the battles which took place over 
Southern England in the latter half of 1940, within the 
framework of a broader picture. 

Many books, of differing merit, have already been 
published on the subject of the Battle of Britain. 
Their authors have in turn tried to record some 
impressions of the events of those summer months, 
either from the viewpoint of actual participants or as 
close observers. As a consequence of this mass of 
literature, the image has developed of a struggle. 
against overwhelming odds; a struggle in which a 
handful of defenders succeeded in achieving victory 
through superior skill and bravery. 

The authors of “The Narrow Margin” have 
endeavoured, and with success, to clear away many of 
the erroneous impressions that have developed over 
the intervening two decades, and to present the events 
of 1940 as the sequel to the history of the preceding 
years. Such an intention can only succeed when sup- 
ported by exhaustive research and, as the preface 
indicates, the co-authors were occupied for over five 
years in searching for and correlating information 
from both Allied and German sources. 


The result can be described as a definitive history of 
the period of air battles which is now described as the 
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Battle of Britain. The first section treats the rise of air 
power on the sides of the two contestants, and the 
tactical and strategic thinking which influenced the 
choice of equipment on both sides. This history also 
deals with the development of radar and radio com- 
munications and the systems adopted to ensure the 
maximum employment of the forces available. Part 
Two sketches the situation between the combatants 
after the fall of France, when it became obvious that 
the next stage of the conflict would be an aerial con- 
test, and the preparations were commenced for the 
assault and defence. 

Part Three of the book consists of a daily diary 
covering the period from July 10th to October 31st, 
1940. This period is divided into five phases, reflecting 
the changes in tactics as the battle progressed and as 
the overall pattern of objectives changed in relation 
to events. 

The outcome of this research and compilation is to 
give the reader a reasoned and objective appreciation 
of the campaign. The image of the struggle against 
overwhelming odds is replaced by an account of bitter 
fighting between two adversaries, where the attackers’ 
advantage in strength was poised against greater 
flexibility in the defence, and where tactics developed 
by an Air Force which had been developed basically 
as long range artillery to support an Army in conti- 
nental land warfare were pitted against new scientific 
developments. 

The battle marked the beginning of scientific war- 
fare and from this history much can be learnt that is 
particularly apt today. The authors in no way detract 
from the individual bravery of the combatants but 
clearly illustrate that the final outcome lay in the 
advantages that were taken or missed on both sides of 
the Channel long before the first shot was fired. 
Viewed at a time-distance of twenty years there is 
much that can be selected for condemnation in terms 
of unpreparedness or lack of foresight. It would be 
salutary to enquire whether “ The Narrow Margin ” 
exists today. 


War Planes of the Second World War.—By William 
Green. Volumes 1, 2, 3 and 4. Macdonald Co. Ltd., 
London, 1961 (English. approx. 190 pages per vol. 
with numerous photos and line drawings; price 
9/6 each). 


The contents of these volumes are divided alpha- 
betically into countries and are as follows:— 

Vol. 1: Fighters: Australia, Belgium, Bohemia-Mora- 
via, Finland, France, and Germany. 

Vol. 2: Fighters: Great Britain and Italy. 

Vol. 3: Fighters: Japan, Netherlands, 

Rumania, Soviet Union. 

Vol. 4: Fighters: United States, and Yugoslavia. 

Perhaps the best term to describe these volumes 
should be borrowed from the world of electronics— 
miniaturization. The small dimension of these pocket- 
sized handbooks belies the amount of information 
that has been compressed into them, and also the 
amount of painstaking research that has gone into 
their production. 

The selection of fighter aircraft for inclusion has 
not been limited to those types which were actually 
used in combat, but also covers those aircraft which 
were developed and tested during the war years, but 
which for a variety of reasons were not ordered into 
production. In consequence, these volumes are of 
particular interest as they illustrate the changing 
trends in aircraft roles and requirements during the 
conflict. 

The handbooks are very fully illustrated and many 
of the photographs have not been published previ- 
ously. In some cases the lack of crystal clarity would 
indicate that much effort has been made to secure 
photographs of aircraft which had a brief and 
chequered career and which were recorded only in 
rare photos. 

Each aircraft type including later marks and 
variants is dealt with in some detail. Salient features 
of the design are described, together with any relevant 
information concerning the development or reasons 
for the abandonment of the project. For this reason 
the value of the books lies in the details concerning 
the rare and obscure types rather than in the aircraft 
which entered quantity production. In wartime, 
aircraft development proceeds at a greatly accelerated 
pace, and the abondoned projects are illustrative of 
the designs which developed to meet current opera- 
tional problems, and of the difficulties in terms of 
manpower, materials and often time, which faced the 
aircraft designer. 

As handy reference-books this series will be in- 
valuable to anyone wishing to establish a fact con- 


Poland. 


cerning a dimension or a performance figure of a 
wartime fighter. Their greatest worth lies in the fact 
that they are a condensed history of some ten years of 
aircraft procurement and many lessons can be drawn 
from these past experiences. 


Long-range Ballistic Missiles—By Eric Burgess.— 
Chapman & Hall, London, 1961 (English; 255 pages; 
128 illustrations; plastic; price 35s). 


During recent years long-range ballistic missiles 
have become outstandingly important in both East 
and West. And basically each of these missiles 
represents but a part of a comprehensive system. It is 
therefore hardly surprising that even very interested 
laymen are unable to find their way through the maze 
of developments. For those who want the whole 
picture here is, then, a book which is easy to under- 
stand but, at the same time, comprehensive. The 
author begins by going over historical development 
and then proceeds to give an account of the main 
American types, flight trajectories, construction of 
missiles and their airborne systems, particularly re- 
entry bodies, and ground organisation. One chapter 
deals with defence against long-range ballistic missiles. 
The final chapter “ Ploughshares ”, concerned with 
ICBMs as carrier rockets for satellites and space 
probes, demonstrates how the money, effort and 
brainpower invested in these weapons will also 
redound to the benefit of peaceful ends. This well- 
illustrated book is completed by a concise biblio- 
graphy and an index. De. 


Met een Sportkist tussen de Wolken.—By Hugo 
Hooftman.—Published Hollandia NV, Baarn, 1961 
(Dutch; 193 pages; 163 photographs and three 
maps; clothbound; price Fl. 7.90). 


The latest book from the pen of this uncommonly 
active 33-year old author is for amateurs of sports 
flying and gliding. Although many chapters are de- 
voted to aviation in his own country, they are by no 
means without interest for foreign readers, particu- 
larly as Dutch achievements in sport flying are 
remarkable. Holland’s glider “ fleet ” comprises 117 
machines and her glider pilots had by early 1961 won 
no less than 1,266 C, 202 silver C, and 22 Gold C 
medals. Hooftman however also appears well 
informed about sports flying in other countries—he 
mentions, for instance, that during the last seven years 
about 8,000 gliders have been built in the People’s 
Republic of China. Nor do amateur aircraft con- 
struction and business flying come off badly in this 
book. Chapters are devoted to the “ immortal” 
Piper Cub and the worthy de Havilland Moth. There 
are numerous good photographs, and the appendix 
contains maps showing Dutch and Belgian flying 
terrains as well as addresses of Dutch sports flying 
clubs. De. 


Books received 


Scientific and Technical Publications of the Ministére 
de I’Air.—Issued by the Service de Documentation 
et d’Information Technique de l’Aéronautique, 
Paris, 1960-1961. 


No. N.T.96: Etude de la répartition des contraintes 
sous les dalles reposant sur le sol: fondations, routes, 
pistes d’aérodrome, by Gerhard Scheuch. 

No. N.T.97: Contribution a l’étude des phénomeénes 
aux électrodes au cours de la dissolution anodique 
du cuivre dans l’acide phosphorique concentré, by 
Marie-Claude Petit. 

No. N.T.98: Actes des colloques de calcul numé- 
rique, tenus 4 Namur (1958) et Angers (1959), edited 
by Ingénieur Général Vernotte. 

No. N.T.99: Actes du colloque “Calcul numérique, 
calcul physique” tenu a Paris, le 19 mars 1960, a 
l'Institut Henri Poincaré. 

No. 375: Théorie approchée de la houle pure et de 
la houle complexe, by André Daubert. 

Reports of the German Aeronautical Research 
Institute (DFL), Brunswick. 

No. 107: Untersuchung des Temperaturganges 
innerhalb von Bordgeraten und ihren Bauteilen.—By 
O. Weber (Price DM 20.50). 

No. 108: Corner Interference Effects—By K. 
Gersten. 

No. 109: Uber pneumatisch-elektronische Ver- 
fahren zur Messung des Kraftstoffvorrats. 1. Teil- 
Pneumatik.—By E. Nickel (Price DM 19.—). 


No. 110: Untersuchung iiber den Einfluss von 
Grenzschichtzaunen auf die aerodynamischen Eigen- 
schaften von Pfeil- und Deltafliigeln.—By A. Das 
(Price DM 5.—). 

No. 111: Uber die Einheit von Ausriistung und 
Flugzeug.—By H. Koppe (Price DM 3.—). 

No. 112: Schalldimpfung von Forschungs- und 
Entwicklungsanlagen fiir Strahltriebwerke.—By H. 
Dahlen and W. Lohse (Price DM 2.50). 

No. 113: Nomographisches Verfahren zur Berech- 
nung von_ Staustrahltriebwerken.—By O. Lutz, 
W. Buschulte and K. Mose (Price DM 17.90). 

No. 114: Uber die Auslegung zweistufiger Heiss- 
wasserejektoren.—By O. Lutz and E. Riester. 

No. 115: Tragfliigeltheorie bei Unterschallge- 
schwindigkeit.—By K. Gersten. 


No. 116: Aerodynamische 
Pfeil- und Deltafliigeln in 
Thomas. 

No. 117: Ein Naherungsverfahren zur Berechnung 
der ebenen und rotationssymmetrischen turbulenten 
Grenzschicht mit beliebiger Absaugung oder Aus- 
blasung.—By W. Pechau. 

No. 118: Drahtlose Ferniibertragung von Mess- 
werten bei der Erprobung von Flugzeugen.—By 
A. Becker. 

No. 119: Verfahren zur Flugbahnvermessung.—By 
O. Weber. 

No. 120: Grundsatzliche Betrachtungen zur Flug- 
regelung.—By R. Wotschke. 

No. 121: Uber den Larm von Strahlantrieben und 
seine Verminderung.—By F. Staab. 

No. 122: Enthalpie-Tafeln fiir dissoziierende Reak- 
tionsgemische im Temperaturbereich 600°K bis 
6000°K.—By O. Lutz and W. Miiller. 

No. 124: Gedanken iiber ein Triebwerk fiir Schul- 
und Sportflugzeuge.—By K. Lohner (Price DM 12.—). 

No. 125: Zur Entwicklung der hochfesten Binde- 
mittel fiir Metallverklebung vom Standpunkt der 
Anwendung.—By H. Winter and H. Meckelburg. 

No. 127: Einfiihrung in die Unternehmensfor- 
schung (Operations Research).—By W. Schulz. 

No. 130: Zur Frage der Hohenstaffelung von Flug- 
zeugen (Irrefiihrende Begriffe in der Luftfahrzeug- 
fiihrung)—By H. Koppe. 

No. 131: Ein Beitrag zur Berechnung torsionsbe- 
lasteter Sperrholzrohre mit elliptischem Querschnitt 
ohne Langsversteifungen mit Holm und Spanten, 
1. Teilbericht (Vorversuche) und ein Beitrag zur 
Berechnung torsionsbelasteter Sperrholzrohre mit 
kreisf6rmigem bzw. elliptischem Querschnitt ohne 
Langsversteifungen mit Spanten.—By H. Winter and 
R. Prinz. 

No. 132: Konzentrische Rohre als Treibsatzform 
fiir Feststoffraketen.—By O. Lutz, W. Buschulte and 
A. Langmeyer (Price DM 18.—). 

No. 134: Beschreibung der Héhen- und Klima- 
priifanlagen.—By G. Dettmann (Price DM 12.—). 

No. 135: Die Strémung in vielstufigen Axialturbi- 
nen mit gerader Beschaufelung.—By K. Bammert. 

No. 136: Der Einfluss der Luftbewegung auf die 
Kraftstoffverteilung im Brennraum eines Diesel- 
motors mit Luftdrehung.—By F. Eisfeld. 


CLASSIFIED ADVERTISEMENTS 


FOR SALE: 1960 SUPER G BEECHCRAFT. Total 
time 500 hours since new. Features full instrumenta- 
tion, radio. Long-range tanks. Convertible executive 
5-seat interior to 9-place high density seating. Box 
No. 361, Interavia, Geneva 11 (Switzerland). 


EXECUTIVE DE HAVILLAND DOVE. Low time 
airframe. Zero time SMOH engines. All mods com- 
plete. New interior. Exterior redesigned and re- 
painted. Box No. 362, Interavia, Geneva 11 (Swit- 
zerland). 


G 44 SUPER WIDGEON. Six-place amphibian. Long- 
range tanks. VHF (Dual omni). ADF and LF radios. 
Extensive reconditioning just completed. Box No. 363, 
Interavia, Geneva 11 (Switzerland). 


PBY 5A. Converted to 285 ACF Cat. Seating 10 
passengers and 3 crew. Wide cargo doors. Dash 94 
mod. P and W engines. Large list of spares. Box 
No. 364, Interavia, Geneva 11 (Switzerland). 


Eigenschaften von 
Bodenniahe.—By F. 
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certificated by the R.A. Mey 

AGUSTA-BELL 102 to CAR. standards a. 
Characteristics er / 
Engine rating 600 h.p. ge Prd 
Overall weight 6,008 Ib 7 ad Fs 
Payload 2,017 lb SS a 
Maximum speed 110 m.p.h. 
Cruising speed at 1,950 feet above 

sea level 99 m.p.h. 
Service ceiling in forward flight 

(max. weight) 12,800 ft 
Hovering ceiling within the 

ground effect 8,100 ft 


Endurance with normal tanks 3 hours 20 min 
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FREEDOM 
OF THE 
AIR 

THE PASSENGER'S 
PRAYER 


His Excellency didn’t 


fy. WHY? 


The conference in M closes and Premier wishes to 
rush home to attend an important meeting of his 
Cabinet. Naturally, the easiest way is by a com- 
mercial airliner which, according to the timetable, 
will fly him home in ten hours. 


His Excellency contacts airline A as they are the 
only carrier with a direct service. Politely the 
passage manager of airline A informs His Excel- 
lency that his company is not allowed to accept 
passengers to His Excellency’s home country. 


“Who says so?” His Excellency enquires. “Your 
Government, for competitive reasons”, the airline 
official, not without glee, explains. He hastily 
adds: “But, of course, if you can exempt us from 
your own regulations, we will be only too pleased 
to accommodate Your Excellency on our flight.” 


01-25 A Publication by KLM Royal Dutch Airlines 
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$4 ® 
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OXYGEN BREATHING 
MASK 


MODEL MS 22001 





a product of Sierra Oxygeneering® 


The MS 22001 Mask is available in three sizes — Small, 
Medium and Large (SIERRA part numbers 520-01, 520-02, 
520-03 respectively). It may be equipped with a wide 
variety of suspension mechanisms, including those con- 
forming to special customer requirements. The MC-3A 
(SIERRA part number 224-01) Connector is a distinguish- 
ing feature from the earlier familiar A-13A Mask. Meets 
MIL Specification No. MIL-M-6482. 


MC-3A CONNECTOR 


Consists of two sub-assemblies 
for simple rework of any one 
unit. Adapter assembly contains 
bailout pressure relief valve 
and disconnect warning valve 
2s a single integral unit. 


Also available: MBU-3/P masks 
in complete assemblies, or 
components. Individual parts for 
MS 22001 and discontinued 
A13A supplied immediately. 


ov erseas agent: 
TRANSAERO, INC., 155 FIRST STREET, MINEOLA, LONG ISLAND, 
NEW YORK 


Representative for Sierra aviation oxygen breathing masks, 
connectors and breathing equipment for military applications. 


Oxygeneering ™ catalog available on request. 


Sars ENGINEERING CO. 


123 East Montecito + Sierra Madre, California, U.S.A. 
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EXPLOSIVES, AMMUNITION AND 
PROPULSION DIVISION 


Military supplies 


Complete rounds for artillery and 
ammunition for small arms 
Solid-propellant rocket motors 
Rockets for civil and military use 


High explosives and propellant 
charges 
Mining explosives 
Dynamite and explosives for public 
works, mines, quarries, etc. 
Products for sporting guns 


Powders, cartridge cases, percussion 
caps, and complete cartridges 


ROME, VIA LOMBARDIA 31 = MILAN, VIA PALESTRO 2 








@ Weighs only 8 pounds complete ! 

@ All-Transistorized 

@ Draws only .54 Ampere 

@ BFO available as optional feature 

@ Completely self-contained, mounts on instrument panel 

New NARCOMATIC SENSOR has no moving parts, derives direction 
information from strongest station signal, not the NULL. 


MQlCO  voistrwvTed overseas BY 


le g ? AIRCRAFT SUPPLIES 
(204 Teterbero, N.J., U.S.A. Cable VANDUSAIR 














Clichés 
Schwitter SA 
Bale Zurich 
Lausanne 





Clichés pour impression 
en une ou plusieurs couleurs 


Galvanos Albert Fischer 


Stéréos - Flans 
Clichés pour gaufrage et reliure 


Clichés en bakélite 
Clichés en caoutchouc 


Retouches ameéricaines 


Photos en couleurs 
pour l’art et l’industrie 


Agrandissements 
photographiques 
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in new fields of flight. 


~REFRASIL INSULATION 


The P1127’s Bristol Siddeley BS53 lift/thrust ducted fan 


engine features movable jet nozzles forvertical or hori- 
zontal thrust. Note Refrasil blankets. ( Arrowed.) 


Refrasil is as vital for the newest jet air- 
craft as it has been since jet flight began. 
Refrasil blankets can withstand con- 
tinuous temperatures of 1000°C. They are 
precision-built to a very high standard by 
skilled engineers to suit the specific needs 
of a development programme or other 
special application. A prototype shop is an 


invaluable part of the Design, Technical 
Advisory and Maintenance services 
operated by Darchem Engineering before 
and after sale. And another production 
point: no aircraft programme has ever 
been held up for deliveries. Whenever you 
have an insulation problem it pays you 
to consult Darchem Engineering. 






The Hawker P1127 experimental 
VTOL aircraft is fitted with Refrasil 
lightweight blankets 





DARCHEM ENGINEERING LTD 


BRITISH REFRASIL DIVISION + STILLINGTON - STOCKTON ON TEES - CO. DURHAM 
A Member of the Darlington Chemicals Ltd. Group of Companies. DE (a.b.) 2 














|A.L. CONTROL CONSOLES 


1.A.L. Control Consoles are suited to any requirement demanding a centralized 
control—communications centres, airline operations, and air traffic control 
purposes are typical examples. They form the nerve-centre of such installations 
and are in use in over 40 countries. 





The unit construction allows for adaptability for all purposes and for extension 
to meet increased operational demands. The special metal construction ensures 
their suitability in tropical climates. 


INTERNATIONAL AERADIO LIMITED 


40 PARK STREET, LONDON, W.1., ENGLAND 






Engineer's System Monitoring Console 


Flight Information Centre Console 












Communications Centre 
Operator's Console 









Aerodrome/Approach 


Control Console Special Air Traffic 


Control Console 
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" DCSJET 


Departing from FRANKFURT, LONDON, PARIS, ROME, LISBON and BEIRUT, PANAIR DO 
BRASIL is the first and the only airline to place the most recent of the long-range jets in service on its 
routes between Europe and South America. 






PANAIR DO BRASIL's magnificent Jetliners take you to South America in conditions of unparalleled comfort. 
with halved flying times. 


PANAIR DO BRASIL 


SOUTH AMERICA IN THE JET AGE 


Va 














FOR SALE 


EXECUTIVE CONVERTED P-51, wingtip tanks, 


OUR TEST EQUIPMENT fully equipped. $23,000 
Dynamic Test Stand E18S SUPER BEECHCRAFT, new engines, 
All-purpose Turntable 
Tilting platform Integrated Flight System, autopilot, maximum 
is used for the testing, maintenance, and performance radio. $59,500 


checking as well as investigation of the operation of gyro 
equipment and flight instruments. For full description write or wire: 


BODENSEEWERK PERKIN-ELMER.CO LEAR, INCORPORATED 


15, rue Malatrex, Geneva, Switzerland 
UBERLINGEN / BODENSEE 

















SERVICE ENGINEER WANTED ENGINS MATRA 


by Simmonds Precision Products (Europe) leading S. A. Capital 10,000,000 NF 


manufacturer of aircraft electronic systems. Should 
have electronic engineering degree and approximately 
5 years’ experience, preferably with airlines or aircraft MISSILES 

manufacturers. Age 25 to 40 years. Must be willing to AERONAUTICAL ARMAMENT 
travel extensively throughout Europe from office in 
Switzerland or Holland. Must speak and write English, 


French and German. Good salary plus fringe benefit : 
and full training in the U.S.A. 27, Quai de Boulogne BOULOGNE-sur-SEINE 
Telephone: MOLitor 60-10 
Applications under No. 362, Interavia S.A., Geneva 11 























BRITISH OVERSEAS 


AIRWAYS CORPORATION OFFERS FOR SALE 
FOUR DOUGLAS 
DC-7C AIRCRAFT 


%* Choice of interior configurations * Immediate delivery 





* Current certificates of Airworthiness %* Supporting spares available 


Further information obtainable from: Manager, Aircraft Sales, B.O.A.C., Building 209, London Airport, Hounslow, Middx. Phone Skyport 5511 ext. 2404 
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COMET 40 


To : EUROPE 

THE MIDDLE EAST 
KARACHI 
BOMBAY 


FOR {INFORMATION AND BOOKINGS 


Consult your tATA TRAVEL Agent or Middle East Airlines, 
ATHENS ; 24-494 — BAHRAIN: 408 1/8 ~ BEIRUT: 22.12.12/5 — DHAHRAN: 5282/3 ~ 
DUSSELDORF . 27755 ~ FRANKFURT: 335154 ~ GENEVA: 32.03.00 - GENOA: 
204.67|. « GLASGOW: City 3388 = HAMBURG: 344995 ~ ISTANBUL: 
47.24.34 ~ LONDON : Hyde 5683/6 ~ MARSEILLES: 2055-31 ~ MILAN: 657.881 ~ 
NEW YORK: MU ~ %- 8900 ~ PARIS: RIC - 51-57 - ROME: 47.91.95 - 
SAN FRANCISCO : YU kon 2-9500 ~ STUTTGART: 296131 - VIENNA: S25585~- 









OES CGMS 8 Me Ca Tee PS 











mri 





AB MALMO FLYGINDUSTRI 


offers to license qualified partners 
to build and sell 


MFI-10 


all-sandwich 4-seat STOL aircraft 


Design and Bonding System also suitable for 
other aircraft and missile components. 


Inquiries to 


AB MALMO FLYGINDUSTRI 


BULLTOFTA AIRPORT, MALMO, SWEDEN 
CABLES: FLYGIN 











SOCIETE D'OPTIQUE, DE MECANIQUE, 
D'ELECTRICITE ET DE RADIO 


OMERA-SEGID 


ELECTRONIC, OPTICAL AND 
PRECISION MECHANICAL EQUIPMENT 





Aircraft transmitters, receivers, SARAM licence 
VHF SARAM TRAP 6 
VHF SARAM TRAP 11A, 21A and 22A 
AGA licence radio beacons 
DECCA licence radar 


AERIAL PHOTOGRAPHIC MATERIAL 
Recording sights Types 20 and 110 
Photographic equipment Types 11, 30, and 31 





49, rue Ferdinand-Berthoud, 
ARGENTEUIL (S.-et-O.) — Tel. 961.3240 











FLIGHT EQUIPMENT iim 


AUTOPILOTS 
MASTER REFERENCE 
GYROS 
HORIZON GYROS 
“ SYNTHETIZERS " 
(FLIGHT DIRECTOR) 
DIRECTIONAL- 
RATE GYROS 








AVIONICS 


AIRCRAFT 
AND MISSILE 
TRAJECTORY 
RECORDING, 

GUIDANCE 


AND 
AUTOGUIDANCE 
SYSTEMS 


TELECONTROL 
TELEMETERING 
ACOUSTIC 
MISS-DISTANCE 
MEASUREMENT 





DU PONT MEUILLY SUR SEINE MAILLOT 49.35 ef le swile 
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: SALE 
Snap-on Covers OR LEASE 


tor INTERAVIA REVIEW eae Mg Bed 
—Other Conv. pax-cgo) 


Have you already ordered the One DC-4E Convertible 
One C-46E 


binders for your 1960 volume Two C-18S Twin Beech 
and issues 1 to 6/1961? oF Leslie lg 
. S 1 to 6/196 One C-45H Twin Beech 


One Cessna 195 
Price per binder for 6 issues: 
Switzerland: SFr. 7.— MAKE CASH OFFER 


*Other countries: SFr. 12.—; £1.0.0; $3.00 INTERNATIONAL AIRPORT 


* post free but excluding customs charges 
Hangar 3, Lockheed Air Terminal TRiangle 7-5378 Burbank, California. 






























SERVICES LINKING 
4 CONTINENTS 






LINEAS AEREAS DE ESPANA 











Hi-Fi-Coat Paper by Papeterie de Cham 
Cover, four-colour printing and photogravure : Fabag Druck, Zurich « Letterpress printing : Imprimerie de la Tribune de Genéve 
Printed in Switzerland 
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MAX HOLSTE e NORD-AVIATION 





R ‘A 
23—26 PASSENGERS 
FREIGHT 


SWIFT 
COMFORTABLE 
ROBUST 


ECONOMICAL AND MODERN TRANSPORT 





| THE ONLY 2x1,000 HP TURBOPROP TO BE PRODUCED IN QUANTITY | 


| 
| | 





NORD? AVIATION 2 a 18, RUE BERANGER © CHATILLON s/s BAGNEUX «+ SEINE + TEL. ALESIA 57-40 
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--- Of the PHANTOM If 


The unrefueled range of the Phantom 1 oper- the earth’s surface. As an air superiority 
ating from carriers or existing suitable friendly fighter, its combat range extends over 96% 
land bases allows this twin mission aircraft of the earth’s surface. Much of the small area 
to carry a multi-ton load of conventional or outside the influence of the Phantom I is in 


nuclear ground strike weapons over 92% of the Transpolar Arctic. 


oe = 
rie «= MMCDONNELL 


Phantom I and F-101 Fighter and Attack Aircraft + 
Project Mercury and Aeroballistic Spacecraft + Talos Airframes and Propulsion Systems + 
Quail Decoy Missiles + Rotorcraft + Electronic Systems + Automation 


MCDONNELL AIRCRAFT e¢ ST. LOUIS, MISSOURI, U.S.A. 
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